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UNCLASSIFIED

Department of the Navy
FY 1998/1999 RDT&E Program Exhibit R-1

APPROPRIATION: 1319n Research, Development, Test and Evaluation, Navy DATE: February 1997

Millions of Dollars

Program
R-1 Element Budget Security
Line Number Number Item Nomenclature Activity FY 1996 FY 1997 FY 1998 FY 1999 Classification
1 0601152N In-House Independent Lab Research 1 15.004 14.683 15.834 16.236 U
2 0601153N Defense Research Sciences 1 . 356.512  337.463 _ 366.283 _ 383.397 u
Total Basic Research 371.516 352.146 382.117 399.633
3 0602111N Surface/Aerospace Surv. & Weapons Technology 2 46.015 31.921 32.273 38.833 U
4 0602121N  Surface Ship Technology 2 61.717 51.399 46.859 47.353 U
5 0602122N  Aircraft Technology 2 28.672 23.750 23.590 22.860 u
6 0602131M Marine Corps Landing Force Technology 2 16.871 16.374 13.043 14.535 U
7 0602232N  C3 Technology 2 56.534 54.735 65.566 71.426 U
8 0602233N Readiness Training & Env Quality Tech 2 47.773 47.561 31.762 33.120 U
9 0602234N  Materials, Electronics & Computer Technology 2 78.105 84.724 76.653 87.445 U
10 0602270N EW Technology 2 17.133 21.535 22.810 24.707 U
11 0602314N Undersea Surv. & Weapons Technology 2 52.057 47.967 51.033 57.875 U
(R2/R3 Materials provided in Classified Budget Book)
12 0602315N MCM, Mining & Special Warfare Technology 2 43.553 44.602 42.737 44.575 U
13 0602435N  Ocean & Atmospheric Technology 2 57.260 73.416 48.211 58.037 U
14 0602633N  Undersea Warfare Weapon Technology 2 32.021 36.821 35.736 38.304 U
(R2/R3 Materials provided in Classified Budget Book)
Total Applied Research 537.711 534.805 490.273 539.070
15 0603217N Air Systems & Weapons Advanced Technology 3 64.938 36.749 35.093 37.541 ]
16 0603238N  Global Surv/Prec Strike/Air Defense Tech Demo 3 57.471 57.903 43.320 48.094 U
17 0603270N  Advanced EW Technology 3 14.005 14.469 18.144 18.738 U
18 0603508N  Ship Propulsion System 3 17.734 32.185 39.737 46.297 U
19 0603640M MC Advanced Technology Demo 3 26.148 61.127 34.178 39.617 U
20 0603706N  Medical Development (Advanced) 3 60.185 58.928 18.332 17.043 U
21 0603707N  Manpower, Pers, & Training Adv Tech Demo 3 15.772 18.490 18.812 21.641 U
22 0603712N Environmental Quality & Logistics Adv Tech 3 21.971 39.294 18.249 20.072 U
23 0603747N  Undersea Warfare Advanced Technology 3 46.430 44.099 54.785 61.844 U
(R2/R3 Materials provided in Classified Budget Book)
24 0603782N  Shallow Water MCM Demos 3 47.786 40.807 41.602 44.492 U
25 0603792N  Advanced Technology Transition 3 76.503 69.052 87.285 97.269 U
26 0603794N  C3 Advanced Technology 3 23.241 28.030 23.768 17.880 U
Total Advanced Technology Development 472.184 501.133 433.305 470.528

Total Science and Technology (S&T) 1,381.411 1,388.084 1,305.695 1,409.231



UNCLASSIFIED
Department of the Navy
FY 1998/1999 RDT&E Program Exhibit R-1
Alphabetic Listing

APPROPRIATION: 1319n Research, Development, Test and Evaluation, Navy DATE: February 1997

Millions of Dollars

Program
R-1 Element Budget Security
Line Number Number Item Nomenclature Activity FY 1996 FY 1997 FY 1998 FY 1999 Classification
17 0603270N  Advanced EW Technology 3 14.005 14.469 18.144 18.738 U
25 0603792N  Advanced Technology Transition 3 76.503 69.052 87.285 97.269 U
15 0603217N Air Systems & Weapons Advanced Technology 3 64.938 36.749 35.093 37.541 U
5 0602122N  Aircraft Technology 2 28.672 23.750 23.590 22.860 u
26 0603794N  C3 Advanced Technology 3 23.241 28.030 23.768 17.880 u
7 0602232N  C3 Technology 2 56.534 54.735 65.566 71.426 U
2 0601153N Defense Research Sciences 1 356.512 337.463  366.283 383.397 U
22 0603712N Environmental Quality & Logistics Adv Tech 3 21.971 39.294 18.249 20.072 U
10 0602270N EW Technology 2 17.133 21.535 22.810 24.707 U
16 0603238N  Global Surv/Prec Strike/Air Defense Tech Demo 3 57.471 57.903 43.320 48.094 U
1 0601152N In-House Independent Lab Research 1 15.004 14.683 15.834 16.236 U
21 0603707N  Manpower, Pers, & Training Adv Tech Demo 3 15.772 18.490 18.812 21.641 U
6 0602131M Marine Corps Landing Force Technology 2 16.871 16.374 13.043 14.535 U
9 0602234N  Materials, Electronics & Computer Technology 2 78.105 84.724 76.653 87.445 U
19 0603640M MC Advanced Technology Demo 3 26.148 61.127 34.178 39.617 U
12 0602315N MCM, Mining & Special Warfare Technology 2 43.553 44.602 42.737 44575 U
20 0603706N  Medical Development (Advanced) 3 60.185 58.928 18.332 17.043 U
13 0602435N  Ocean & Atmospheric Technology 2 57.260 73.416 48.211 58.037 U
8 0602233N Readiness Training & Env Quality Tech 2 47.773 47.561 31.762 33.120 U
24 0603782N  Shallow Water MCM Demos 3 47.786 40.807 41.602 44.492 U
18 0603508N  Ship Propulsion System 3 17.734 32.185 39.737 46.297 U
3 0602111N Surface/Aerospace Surv. & Weapons Technology 2 46.015 31.921 32.273 38.833 U
4 0602121N Surface Ship Technology 2 61.717 51.399 46.859 47.353 U
11 0602314N Undersea Surv. & Weapons Technology 2 52.057 47.967 51.033 57.875 U
(R2/R3 Materials provided in Classified Budget Book)
23 0603747N  Undersea Warfare Advanced Technology 3 46.430 44.099 54.785 61.844 U
(R2/R3 Materials provided in Classified Budget Book)
14 0602633N Undersea Warfare Weapon Technology 2 32.021 36.821 35.736 38.304 U

(R2/R3 Materials provided in Classified Budget Book)

Total Science and Technology (S&T) 1,381.411 1,388.084 1,305.695 1,409.231



RDT&E, Navy
Program and Financing (in Thousands of dollars) SUMVARY
Budget Pl an (ambunts for RESEARCH
DEV, TEST & EVAL actions prograned)

Identification code 17-1319-0-1-051 1996 act ual 1997 est. 1998 est. 1999 est

Program by activities
Di rect program

00. 0101 Basi ¢ research 371,517 352, 146 382, 117 399, 633
00. 0201 Appl i ed Research 537,711 534, 805 490, 273 539, 070
00. 0301 Advanced technol ogy devel opnent 472,113 501, 133 433, 305 470, 528
00. 0401 Denonstration/validation 1,712, 323 1,930, 143 2,135, 069 2,233,510
00. 0501 Engi neeri ng and manufacturing devel opnent 2,347, 827 2,143, 869 2,085, 768 2,032, 475
00. 0601 Managenment support 684, 815 538, 596 595, 265 613, 180
00. 0701 Qperational system devel opnent 2,345,195 1, 855, 062 1, 489, 225 1, 467,918
00. 9101 Total direct program 8,471,501 7, 855, 754 7,611, 022 7,756, 314
01.0101 Rei nbursabl e program 123, 806 121, 831 125, 000 125, 000
10. 0001 Tot al 8, 595, 307 7,977,585 7,736,022 7,881, 314
Fi nanci ng
O fsetting collections from

11. 0001 Federal funds(-) -121, 737 -121, 831 -125, 000 -125, 000
14. 0001 Non- Feder al sources(-) -2,069

17.0001 Recovery of prior year obligations
Unobl i gat ed bal ance available, start of year
21. 4002 For conpl etion of prior year budget plans

21. 4003 Avail abl e to finance new budget plans -11, 600 -4,500
21. 4009 Reprogranming fromto prior year budget plans -22,369 4,590
22.1001 Unobligated bal ance transferred to other accounts 1, 000

22.2001 Unobligated bal ance transferred from other accounts (-) -2,500 -4,590

Unobl i gat ed bal ance avail abl e, end of year
24.4002 For conpl etion of prior year budget plans

24.4003 Avail abl e to finance subsequent year budget plans 4,500

25.0001 Unobligated bal ance expiring 2,915

39. 0001 Budget authority 8, 443, 447 7,851, 254 7,611, 022 7,756, 314

Budget authority:

40. 0001 Appropriation 8, 508, 970 8,044, 767 7,611, 022 7,756, 314
40. 3601 Appropriation rescinded (unob bal) -4,500

40. 7501 Reduction pursuant to P.L. 104-208 (-), 8037(e) -24,834

41. 0001 Transferred to other accounts (-) -95,788 -164, 179

42.0001 Transferred from other accounts 30, 265

43.0001 Appropriation (adjusted) 8, 443, 447 7,851, 254 7,611, 022 7,756, 314



Program and Financing (in Thousands of dollars)

RDT&E, Navy

Identification code

10. 0001

11. 0001
14. 0001
17. 0001

21. 4002

22.2001

17-1319-0-1-051

Program by activities
Di rect program

7,750,516

-125, 000

-478, 655

7,872,596

-125, 000

-464, 161

472,879

Basi c research
Appl i ed Research
Advanced technol ogy devel opnent
Denonstration/validation
Engi neeri ng and manufacturing devel opnent
Managenent support
Qperational system devel opnent
Total direct program
Rei mbur sabl e program
Tot al
Fi nanci ng
O fsetting collections from
Federal funds(-)
Non- Feder al sources(-)
Recovery of prior year obligations
Unobl i gat ed bal ance avail able, start of year
For conpl etion of prior year budget plans
Avail abl e to finance new budget plans
Reprogranming fromto prior year budget plans
Unobl i gat ed bal ance transferred to other accounts
Unobl i gat ed bal ance transferred from ot her accounts (-)
Unobl i gat ed bal ance avail abl e, end of year
For conpletion of prior year budget plans
Avail abl e to finance subsequent year budget plans
Unobl i gat ed bal ance expiring
Budget authority
Budget authority:
Appropriation
Appropriation rescinded (unob bal)
Reduction pursuant to P.L. 104-208 (-), 8037(e)
Transferred to other accounts (-)
Transferred fromother accounts
Appropriation (adjusted)

SUMVARY
ol igations

1996 act ual 1997 est.

376,671 338, 287

516, 813 574, 559

454, 795 547,033

1, 717, 965 1, 904, 811

2,349, 662 2,134, 153

744,549 528, 098

2,265, 328 1, 956, 980

8, 425, 783 7,983, 921

129, 842 125, 000

8, 555, 625 8,108, 921

-122, 295 -121,831
-2,057
-18, 694

- 568, 848 - 605, 401

-11, 600 -4,500
1, 000

-2,500 -4,590

605, 401 478, 655
4,500
2,915

8, 443, 447 7,851, 254

8, 508, 970 8, 044, 767

-4,500

-24,834

- 95,788 -164, 179
30, 265

8, 443, 447 7,851, 254



RDT&E, Navy
Program and Financing (in Thousands of dollars) SUMVARY

ol igations
Identification code 17-1319-0-1- 051 1996 act ual 1997 est. 1998 est. 1999 est
Rel ati on of obligations to outlays

71.0001 bligations incurred 8, 431, 273 7,987, 090 7,625,516 7,747,596
72.1001 Orders on hand, SOY -142,908 -161,573 -161,573 -161,573
72.4001 oligated bal ance, start of year 5, 155, 440 4,313, 313 4,509, 333 4,896, 362
74.1001 Orders on hand, EOY 161,573 161,573 161,573 161,573
74.4001 oligated bal ance, end of year -4,313, 313 -4,509, 333 -4, 896, 362 -5,052, 077
77.0001 Adjustments in expired accounts (net) 130, 748

78.0001 Adjustments in unexpired accounts -18, 694

90. 0001 Qutlays (net) 9, 404, 119 7,791, 070 7,238, 487 7,591, 881



RDT&E, Navy

bject Cassification (in Thousands of dollars)

212.
213.
221.
.001 Transportation of things
223.
223.
223.
224.

Di rect obligations
Per sonnel conpensation

. 101 Ful | -ti nme pernanent

.301 Ot her than full-time permanent
.501 O her personnel conpensation

. 801 Speci al personal services paynents
. 901 Total personnel conpensation

.101 Personnel Benefits: Civilian personne

.001 Benefits for fornmer personne

.001 Travel and transportation of persons

.001 Transportation of things

.101 Rental paynents to GSA

.201 Rental paynents to others

.301 Communications, utilities, and m scel |l aneous charges
.001 Printing and reproduction

.101 Advisory and assistance services

.201 O her services with the private sector

Pur chases goods/services (inter/intra) Fed accounts

.301 Pur chase of goods/services fromother Fed agencies
. 303 Purchases from revol vi ng funds

.001 Supplies and naterials

.001 Equi prent

.001 Land and structures

.001 Gants, subsidies, and contributions

.001 Total Direct obligations

Rei mbur sabl e obl i gations
Per sonnel Conpensation

. 101 Ful | -ti nme pernanent

.301 Ot her than full-time permanent

. 501 O her personnel conpensation

. 801 Speci al personal services paynents
. 901 Total personnel conpensation

101 Personnel Benefits: Civilian Personne
001 Benefits for former personne
001 Travel and transportation of persons

101 Rental paynents to GSA

201 Rental paynents to others

301 Communi cations, utilities, and mi scellaneous charges
001 Printing and reproduction

SUMVARY
1996 act ual 1997 est.
43, 493 43,735
3,501 2,480
1,515 1, 475
28 27
48, 537 47,717
9, 048 10, 476
310 630
20, 199 20, 623
1, 289 1, 316
2,784 2,842
1, 682 1, 717
5,706 5, 826
412 421
246, 995 238, 054
5,014, 086 4, 867, 664
660, 632 675, 166
2,152, 752 1, 843,022
7,607 7,767
8,710 8, 893
1, 604 1, 638
243, 430 250, 149
8, 425, 783 7,983, 921
33, 284 41, 446
1, 237 2,884
551 800

7
35, 079 45,130
7,150 8, 500
201

3,404 3,475
450 459
77 79
691 706
1, 317 1, 345
196 200

224,235
4,337, 807

690, 020
2, 005, 149

7,625,516

35, 817
3,125
785

39,727
7,400

3,548
469
80
720
1,373
204

220, 989
4,503, 249

691, 000
1, 959, 183

7,747,596

36, 545
3,192
807

40, 544
7,537

3,623
479
82
735
1,402
209



RDT&E, Navy
bject Cassification (in Thousands of dollars) SUMVARY

Identification code 17-1319-0-1- 051 1996 act ual 1997 est. 1998 est. 1999 est
225.201 Oher services with the private sector 40, 631 35, 495 36, 065 36, 662
Pur chases goods/services (inter/intra) Fed accounts

225. 303 Purchases from revol vi ng funds 20, 248 8,778 14, 151 12,017
226.001 Supplies and materials 10, 729 10, 965 11, 184 11, 419
231.001 Equi pnent 5, 684 5, 803 5,925 6, 050
241.001 Grants, subsidies, and contributions 3,985 4, 065 4,154 4,241
299.001 Total Reinbursable obligations 129, 842 125, 000 125, 000 125, 000

999.901 Total obligations 8, 555, 625 8, 108, 921 7,750, 516 7,872,596



Comparison of FY 1996 Financing as reflected
in FY 1997 Budget with 1996 Financing as
Shown in the FY 1998 Budget

($ in Thousands)

Financing per Financing Per Increase (+) or
FY 1997 Budget FY 1998 Budget Decrease (-)
Program Requirements (Total) 8,494,534 8,471,501 -23,033
Program Requirements (Service Account) (8,494,534) (8,471,501) (-23,033)
Program Requirements (Reimbursable) 110,000 123,806 +13,806
Appropriation (Adjusted) 8,604,534 8,595,307 -9,227

Explanation of Changes in Financing
($ in Thousands)

The Fiscal Year 1996 program has changed since the presentation of the FY 1997 budget as noted below:

1. Program Requirements (Total). There has been a net decrease to the appropriation (adjusted) of $9,227, as a result
of changes in program requirements as noted below.

2. Program Requirements (Service Account). There has been a net increase to the appropriation (adjusted) of $23,033.
This net change is comprised of an increase in program requirements ($23,033). These changes included a rescission
to the FY 1996 program approved in the FY 1997 DoD Appropriations Act (-$4,500), a rescission for Administrative and
Personal Services (-$6,739), a rescission to finance F-16 sales to Jordan (-$45,000) based on reduced inflation rates,
reductions reflected on the FY 1996 DoD Omnibus Reprogramming Action to specific programs (-$10,600) and a general
reduction based on lower inflation rates (-$2,506), a Supplemental Appropriation added funds to the Shallow Water
MCM Demonstrations program (+$10,100), four transfers into the appropriation from a DoD central transfer account were
effected to support the RDT&E Counter Drug program added funds (+$30,265), a transfer to consolidated the Non-Lethal
Weapons Technology added funds (+$4,590), and the withdrawal of proposed rescissions to specific programs.




3. Program Requirements (Reimbursable). There has been a net increase to the appropriation of $13,808, as a result of
changes in reimbursable program requirements ($13,806).



Comparison of FY 1996 Program Requirements as reflected
in the FY 1997 Budget with FY 1996 Program Requirements
as shown in the FY 1998 Budget

Summary of Requirements ($ In Thousands)

Total Program Total Program
Requirements per FY 1997 Requirements per FY 1998 Increase (+) or
Budget Budget Decrease (-)
01 - Basic Research 377,362 371,516 -5,846
02 - Applied Research 541,372 537,711 -3,661
03 - Advanced Technology Development 444,655 472,184 +27,529
04 - Demonstration and Validation (DEM/VAL) 1,718,754 1,712,926 -5,828
05 - Engineering and Manufacturing Development 2,396,003 2,344,798 -51,205
(EMD)
06 - RDTE Management Support 571,115 684,676 +113,561
07 - Operational Systems Development 2,370,501 2,347,690 -22,811
Total Fiscal Year Program 8,494,534 8,471,501 -23,033

Explanation by Budget Activity
($ In Thousands)

01. Basic Research (-$5,846) - Changes to this budget activity resulted from a rescission for Administrative and
Personal Services (-$1,262), a rescission to finance F-16 sales to Jordan (-$2,004) based on reduced inflation rates, a
transfer to support the Small Business Innovative Research (SBIR) program (-$1,935), and other changes in program
requirements which required minor reprogrammings (-$645).

02. Applied Research (-$3,661) - Changes to this budget activity resulted from a rescission for Administrative and
Personal Services (-$353), a rescission to finance F-16 sales to Jordan (-$2,945) based on reduced inflation rates, a




transfer to support the Small Business Innovative Research (SBIR) program (-$8,371), and other changes in program
requirements which required minor reprogrammings (+$8,008).

03. Advanced Technology Development (+$27,529) - Changes to this budget activity resulted from a rescission for
Administrative and Personal Services (-$1,844), a rescission to finance F-16 sales to Jordan (-$2,528) based on reduced
inflation rates, a transfer to support the Small Business Innovative Research (SBIR) program (-$5,291), two reductions
reflected on the FY 1996 DoD Omnibus Reprogramming Action against the Advanced Technology Transition program
(-$4,800) and a general reduction based on lower inflation rates (-$1,200), and other changes in program requirements
which required minor reprogrammings (-$3,108). Additionally, a Supplemental Appropriation added funds to the Shallow
Water MCM Demonstrations program (+$10,100) and a proposed rescission to the AARGM program was withdrawn
(+$36,300).

04. Demonstration and Validation (DEM/VAL) (-$5,828) - Changes to this budget activity resulted from a rescission for
Administrative and Personal Services (-$1,587), a rescission to finance F-16 sales to Jordan (-$9,144) based on reduced
inflation rates, a transfer to support the Small Business Innovative Research (SBIR) program (-$15,807), a reduction
reflected on the FY 1996 DoD Omnibus Reprogramming Action based on lower inflation rates (-$343), and other changes
in program requirements which required minor reprogrammings (+$16,463). Additionally, a transfer to consolidated the
Non-Lethal Weapons Technology added funds (+$4,590).

05. Engineering and Manufacturing Development (EMD) (-$51,205) - Changes to this budget activity resulted from a
rescission for Administrative and Personal Services (-$517), a rescission to finance F-16 sales to Jordan (-$12,682)
based on reduced inflation rates, a transfer to support the Small Business Innovative Research (SBIR) program
(-$42,566), a reduction reflected on the FY 1996 DoD Omnibus Reprogramming Action against the New Design SSN
Development program (-$5,800), and other changes in program requirements which required minor reprogrammings
(+$10,360).

06. RDTE Management Support (+$113,561) - Changes to this budget activity resulted from a rescission for
Administrative and Personal Services (-$273), a rescission to finance F-16 sales to Jordan (-$3,063) based on reduced
inflation rates, a transfer to support the Small Business Innovative Research (SBIR) program (+$109,696), and other
changes in program requirements which required minor reprogrammings (+$7,201).




07. Operational Systems Development (-$22,811) - Changes to this budget activity resulted from a rescission for
Administrative and Personal Services (-$903), a rescission to finance F-16 sales to Jordan (-$12,634) based on reduced
inflation rates, a transfer to support the Small Business Innovative Research (SBIR) program (-$32,250), and other
changes in program requirements which required minor reprogrammings (-$2,789). Additionally, four transfers into the
appropriation from a DoD central transfer account were effected to support the RDT&E Counter Drug program added
funds (+$30,265). Additionally, a rescission was effected in the FY 1997 DoD Appropriations Act (-$4,500).




Comparison of FY 1997 Financing as reflected
in FY 1997 Budget with 1997 Financing as
Shown in the FY 1998 Budget

($ In Thousands)

Financing per Financing Per Increase (+) or
FY 1997 Budget FY 1998 Budget Decrease (-)
Program Requirements (Total) 7,334,734 7,855,754 +521,020
Program Requirements (Service Account) (7,334,734) (7,855,754) (+521,020)
Program Requirements (Reimbursable) 110,000 121,831 +11,831
Appropriation (Adjusted) 7,444,734 7,977,585 +532,851

Explanation of Changes in Financing
($ in Thousands)

The Fiscal Year 1997 program has changed since the presentation of the FY 1997 budget as noted below:

1. Program Requirements (Total). There has been a net increase to the appropriation (adjusted) of $532,851, as a
result of changes in program requirements as noted below.

2. Program Requirements (Service Account). There has been a net increase to the appropriation (adjusted) of
$521,020, resulting from changes in program requirements as a result of Congressional appropriation changes in the
FY 1997 DoD Appropriations Act. These changes included a general undistributed RDT&E reduction of 2 percent (-
$164,179)(Section 8136), a general undistributed reduction of 2 percent (-$164,179) to finance Defense Business
Operating Fund (DBOF) operating shortfalls (Section 8120), an undistributed reduction for Federally Financed Research
and Development Centers (FFRDC)(-$3,822)(Section 8037(e)), an undistributed reduction for non-Federally Financed
Research and Development Centers (non-FFRDC)(-$13,299)(Section 8037(h)), a rescission to finance force protection
requirements

(-$7,713)(Section 8138), and net changes to specific program changes (+$874,212).




3. Program Requirements (Reimbursable). There has been a net increase to the appropriation of $11,831, as a result of

changes in reimbursable program requirements ($11,831).

Comparison of FY 1997 Program Requirements as reflected
in the FY 1997 Budget with FY 1997 Program Requirements

as shown in the FY 1998 Budget
Summary of Requirements ($ in Thousands)

Total Program Total Program
Requirements per FY 1997 Requirements per FY 1998 Increase (+) or

Budget Budget Decrease (-)
01 - Basic Research 387,213 352,146 -35,067
02 - Applied Research 463,465 534,805 +71,340
03 - Advanced Technology Development 449,342 501,133 +51,791
04 - Demonstration and Validation (DEM/VAL) 1,740,955 1,930,143 +189,188
05 - Engineering and Manufacturing Development 2,048,657 2,143,869 +95,212
(EMD)
06 - RDTE Management Support 558,440 538,596 -19,844
07 - Operational Systems Development 1,686,662 1,855,062 +168,400
Total Fiscal Year Program 7,334,734 7,855,754 +521,020

Explanation by Budget Activity

($ in Thousands)

01. Basic Research (-$35,067) - Changes to this budget activity resulted from the following Congressional undistributed
These changes included a general undistributed RDT&E

reductions reflected in the FY 1997 DoD Appropriations Act.

reduction of 2 percent (-$7,344)(Section 8136), a general undistributed reduction of 2 percent (-$7,344) to finance

Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an undistributed reduction for Federally



Financed Research and Development Centers (FFRDC)(-$34)(Section 8037(e)), a rescission to finance force protection
requirements (-$345)(Section 8138). Congress also specifically reduced the Defense Research Sciences program
(-$20,000).

02. Applied Research (+$71,340) - Changes to this budget activity resulted from the following Congressional
undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes included a general
undistributed RDT&E reduction of 2 percent (-$11,155)(Section 8136), a general undistributed reduction of 2 percent
(-$11,155) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an undistributed
reduction for Federally Financed Research and Development Centers (FFRDC)(-$214)(Section 8037(e)), an
undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC)(-$212)(Section
8037(h)), a rescission to finance force protection requirements (-$524)(Section 8138). Congress also specifically added
funds to start or continue 26 specific initiatives (+$94,600).

03. Advanced Technology Development (+$51,791) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes included a
general undistributed RDT&E reduction of 2 percent (-$10,450)(Section 8136), a general undistributed reduction of 2
percent (-$10,450) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$272)(Section 8037(e)),
an undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC)(-$348)(Section
8037(h)), a rescission to finance force protection requirements (-$491)(Section 8138). Congress also specifically added
funds to start or continue 15 specific initiatives (+$106,400), while reducing one program (-$34,424). Additionally,
changes in program requirements required minor reprogrammings (+$1,826).

04. Demonstration and Validation (DEM/VAL) (+$189,188) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes included a
general undistributed RDT&E reduction of 2 percent (-$40,282)(Section 8136), a general undistributed reduction of 2
percent (-$40,282) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$859)(Section 8037(e)),
an undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC)(-
$1,546)(Section 8037(h)), a rescission to finance force protection requirements (-$1,891)(Section 8138). Congress also
specifically added funds to start or continue 20 specific initiatives (+$270,551), while reducing three programs (-$6,144).




Additionally, funds were increased in support of the Near Term Mine Warfare Plan (+$6,285), as well as other changes in
program requirements which required minor reprogrammings (+$3,356).

05. Engineering and Manufacturing Development (EMD) (+$95,212) - Changes to this budget activity resulted from the
following Congressional undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes
included a general undistributed RDT&E reduction of 2 percent (-$44,947)(Section 8136), a general undistributed
reduction of 2 percent (-$44,947) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section
8120), an undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$282)(Section
8037(e)), an undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC)
(-$6,522)(Section 8037(h)), a rescission to finance force protection requirements (-$2,116)(Section 8138). Congress
also specifically added funds to start or continue 35 specific initiatives (+$243,700), while realigning one program (-
$25,000) and reducing two programs (-$11,700). Additionally, funds were decreased in support of the Near Term Mine
Warfare Plan (-$6,285), as well as other changes in program requirements which required minor reprogrammings (-
$6,689).

06. RDTE Management Support (-$19,844) - Changes to this budget activity resulted from the following Congressional
undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes included a general
undistributed RDT&E reduction of 2 percent (-$11,274)(Section 8136), a general undistributed reduction of 2 percent
(-$11,274) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an undistributed
reduction for Federally Financed Research and Development Centers (FFRDC)(-$1,956)(Section 8037(e)), an
undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC) (-$1,111)(Section
8037(h)), a rescission to finance force protection requirements (-$528)(Section 8138). Congress also specifically added
funds to start or continue 3 specific initiatives (+$4,500). Additionally, changes in program requirements required minor
reprogrammings (+$1,799).

07. Operational Systems Development (+$168,400) - Changes to this budget activity resulted from the following
Congressional undistributed reductions reflected in the FY 1997 DoD Appropriations Act. These changes included a
general undistributed RDT&E reduction of 2 percent (-$38,727)(Section 8136), a general undistributed reduction of 2
percent (-$38,727) to finance Defense Business Operating Fund (DBOF) operating shortfalls (Section 8120), an
undistributed reduction for Federally Financed Research and Development Centers (FFRDC)(-$205)(Section 8037(e)),
an undistributed reduction for non-Federally Financed Research and Development Centers (non-FFRDC)(-
$3,560)(Section 8037(h)), a rescission to finance force protection requirements (-$1,817)(Section 8138). Congress also




specifically added funds to start or continue 19 specific initiatives (+$257,929), while reducing two programs (-$5,700).
Additionally, changes in program requirements required minor reprogrammings (-$793).
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BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601152N
PROGRAM ELEMENT TI TLE: | n-House Labor atory | ndependent Research

(U COST: (Dollars in Thousands)

ESK/)JBEST& FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM
Ocean Sci ences 571 587 636 623 634 650 672 693 CONT. CONT.
Advanced Material s 1, 850 1, 883 2,025 1,985 2,020 2,069 2,138 2,207 CONT. CONT.
Information Sciences 1, 143 1,163 1, 255 1,231 1, 252 1, 283 1, 325 1, 368 CONT. CONT.
Sust ai ned Programns 11, 440 11, 050 11,918 12, 397 12, 685 12,970 13, 393 13, 843 CONT. CONT.
TOTAL 15, 004 14, 683 15, 834 16, 236 16, 591 16,972 17,528 18, 111 CONT. CONT

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI O\ Thi s program supports the m ssions of the Naval Warfare Centers
wi th high-risk/high-payoff research, responding as shown below to the Departnent of the Navy (DON) Joint M ssion Areas/ Suppori
Areas (JMW SA) and enabling the technol ogies that could significantly inprove Joint Chiefs of Staff’s Future Joint Warfightin
Capabilities. The research addresses fundamental questions regarding existing and antici pated naval systens, and is support el
within the Ofice of Naval Research (ONR) thrusts in Ccean Sciences, Advanced Materials, Information Sciences, and its
Sustaining Program This programreflects the integration of efforts both within Warfare Centers and anong ot her research
performers. Research efforts are proposed and sel ected by the Warfare Centers, and reviewed after the fact for the quality ol
sci ence produced and for rel evance to the naval m ssion.

(U This programresponds to the Joint Littoral JMA through ocean sciences research into the variability of the marine
envi ronment, such as acoustic shallow water (SW nodels that incorporate wave-breaki ng sources, allow ng superior signal

processing in SWenvironnents. Research advanci ng fundanental understandi ng of DON-essential materials and processes respond:
to operational capability requirenents in the Maritime Support of Land Forces JMA, such as the recent devel opnent of an
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al um num based, netal -matrix, high-tenperature superconducting material that can be extruded into wires for significantly

i nproved naval electrical power systenms. The programresponds to the Joint Surveillance JMA through thrusts in information
sci ences that address naval -rel evant conputing applications including software engi neering, high performance conputing,
artificial intelligence, and the use of conputers in manufacturing. For exanple, the devel opnent of an advanced si gna
processing technique for the analysis of real Anti-Submarine Warfare (ASW broadband acoustic data provi des detection
performance whi ch exceeds the conventional energy detector in high noise ASWapplications. Research in other areas supports
requi rements of the Readi ness JMA, such as discovering redox chemicals for use in "smart" coatings which alter col or when
degraded and serve as early warning systens for corrosion of naval systens.

(U Due to the sheer volunme of efforts included in this Program El ement, the prograns described in the Acconplishnents
and Pl ans sections are representative selections of the work included in this program el ement.

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis funded under BASI C RESEARCH because it enconpasses scientific
study and experinmentation directed towards increasi ng know edge and understanding in broad fields directly related to | ong-
term Department of the Navy (DON) needs.

(U  PROGRAM ACCOWVPLI SHVENTS AND PLANS:

1. (U FY 1996 ACCOWPLI SHVENTS

e (U ($%$571) Ccean Sciences responded to the Maritime Support of Land Forces JMA by studying rempte sensing of
wat er mass structures and currents, including surface fluxes and Langmuir circulation, small-scal e Ccean-
At nosphere interaction, and current estimation fromspace, rain, and scattering.
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(U (%1,850) Advanced Materials responded to the Joint Littoral JMA by tailoring polyners at the nol ecul ar | eve
to achi eve reduced submarine acoustic signatures, and responded to the Joint Strike JMA by enhancing the
orientation stability in nonlinear optical polyners.

(U (%1,143) Information Sciences responded to the Joint Strike and Surveillance JMA's by advancing the
know edge and skills of conputational statistics as applied to i mage processing, and responded to the Joint
Littoral JMA by exam ning new classification techniques for threat neutralization.

(U) (%11, 440) Sustaining Programs responded to the Joint Strike, Joint Littoral and Maritime Support of Land
Forces JMA's by describing the underlying physics of the detonation process which will |ead to new and nove

war head designs with desired degree of lethality, and responded to the Readi ness, Support and Infrastructure JMA
by investigating bionedical preventions and treatnents for operational injuries due to deconpression and oxygen
toxicity, heat and cold exposure, spatial disorientation, fatigue, hazardous materials, and radiation

2. (U FY 1997 PLAN

(U ($587) Ocean Sciences will respond to the Joint Littoral JMA by investigating very-shall ow water physics as
it relates to the performance of mne counternmeasure sensors.

(U (%1,883) Advanced Materials will respond to the Maritime Support of Land Forces and Joint Strike JMA's by

i nvestigating shock i nduced danage and failure mechanisns, at the atomic level, in netals used in warheads and
in arnor.

(U (%1,163) Information Sciences (signal processing and statistical sciences) will respond to the Readi ness JMA
by using advanced tine-frequency anal ysis techniques in conditioned based nonitoring of shipboard machinery to
better diagnose and naintain the surface and subrmarine fleet and will respond to Joint Strike JVMA by devel opi ng
new signal and inmagi ng processing algorithms to inprove effectiveness of autononous target recognition/guidance.
(U (%11, 050) Sustaining Programs will respond to Joint Strike JMA by studyi ng supersonic turbine engine
conbustion technol ogy and i nproved energetic materials; will respond to the readi ness, support and
infrastructure JMA by researching bi onedi cal nmethods for disease prevention and treatnment, wound repair, blood
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| oss, henorrhagic and septic shock, transplantation, and nuscul oskeletal injury; and will respond to the Joint
Littoral JMA by devel opi ng advanced processing technol ogies for m ne counterneasure operations in SWand VSW

3. (U FY 1998 PLAN

(U ($636) Ocean Sciences will respond to the Joint Littoral Warfare JMA in the undersea battl espace doni nance
area by studying techniques for the near optinum detection of unknown signals and fluid-elastic interface
nodel i ng, both of which contribute to inproved sonar performance in shall ow water

(U (%$2,025) Advanced Materials will respond to the Joint Littoral Warfare JMA in the undersea battl espace

dom nance area by nol ecul ar nodel i ng of new sonar transducer materials and the use of tessellation theory to
design efficient nmulti-elenent transducers.

(U (%1,255) Information Sciences will respond to the Joint Littoral JMA by formul ati ng new concepts and
algorithms to fuse data collected fromnultiple sensor platforns deployed in the shall ow water environnent for
t he purpose of environmental mapping and classification/identification of bottomtargets.

(U (%11,918) Sustaining Prograns will respond to the maritine support of |land forces and joint strike JMAs by
i nvestigating drag reducing hull forns, inproved maneuvering performance of ships and subs in littoral waters,
devel opi ng expanded capabilities in conputational fluid dynamcs for the inproved efficiency, maintainability
and reliability of naval propul sors and turbonmachinery, and the detection of wake signatures.

4. (U FY 1999 PLAN

(U (%$623) Ccean Sciences will respond to the Joint Littoral JMA by investigating physical nechanisnms for
deposition of high energy acoustic or seismc pulses on elastic objects deployed on or in the bottom of a
shal | ow wat er ocean environnent.
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B.

PROGRAM ELEMENT TI TLE: | n-House Labor atory | ndependent Research

(U (%$1,985) Advanced Materials will respond to the Joint Strike and Joint Littoral JMA s by studying energetic
mat eri al s usi ng nanosi ze fuels and high heat of reaction internetallic ingredients to enhance warhead

per formance, by synthesizing high perfornance, insensitive explosive ingredients (based on principles of

nol ecul ar charge del ocalization and graphitic-like crystal structures) for penetrator applications, by studying
t he dynam ¢ shock wave properties of warhead materials to support the nodeling and desi gn of warheads, and by
devel opi ng equations of state and reaction rate nodels for use in hydrodynam ¢ code nodel i ng of warheads.

(U (%1, 231) Information Sciences statistical analyses will reduce the conplexities of signals and of the
algorithms for signal processing to advance the capability for electronic warfare and el ectroni c count er measures
injoint strike and joint surveillance JMA s, with enhanced detection probability and di mi ni shed tracking tine
in cluttered environnents and in the presence of false targets.

(U (%$12,397) Sustaining Programs will respond to the Strike Warfare and Command, Control and Communi cati ons
JMAs by investigating the three-dinensional effects of |oss nmechanisns in non-ideal, thin-film integrated
wavegui de structures for opto-electronic applications.

(U PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 15, 390 15, 309 16, 525 17,102
(U Adjustnents from FY 1997 PRESBUDG - 386 - 626 - 691 - 866
(U FY 1998/1999 PRESBUDG Submi ssi on 15, 004 14, 683 15, 834 16, 236
(U CHANGE SUMMARY EXPLANATI ON
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(U Funding: FY 1996 reduction reflects Jordanian F-16 financing rescission (-$18); and internal DON adjustnents
(-$366). FY 1997 adjustnents reflect Congressional undistributed reduction (-$626). FY 1998 adjustnents reflect
internal DON realignments (+$906); and Navy Working Capital fund (NWCF) and minor rate adjustnents (-1,597). FY 1999
reductions reflect internal DON adjustments (-$712) and NWCF and minor rate adjustnents (-$154).

(U Schedul e: Not applicabl e.
(U Technical: Not applicable.
C. (U OTHER PROGRAM FUNDI NG SUMVARY: Not appli cabl e.
(U RELATED RDT&E:

PE 0601101A (In-House Laboratory | ndependent Research)

PE 0601101F (I n-House Laboratory |ndependent Research)

PE 0601153N (Def ense Research Sci ences)

PE 0602111N (Surface/ Aerospace Surveillance & Wapons Technol ogy)
PE 0602234N (Materials, Electronics & Conputer Technol ogy)

PE 0602314N (Undersea Surveillance & Weapons Technol ogy)

cccccece

D. (U) SCHEDULE PROFILE: Not applicable.
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(U COsT: (Dollars in Thousands)

ESSJBE(R:T& FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVWPLETE PROGRAM
Ccean Sci ence 135,750 129, 938 137, 085 142,568 146, 668 150, 041 153, 543 157,190 CONT. CONT.
Advanced Materials 56,247 56,630 61, 466 63, 925 66, 482 69, 141 71, 907 74,783 CONT. CONT.

I nformati on Sci ences 39, 797 39, 391 42, 755 44, 465 46, 244 48, 094 50, 018 52,019 CONT. CONT.
Sust ai ned Prograns 124,718 111,504 124, 977 132, 439 135, 028 136, 217 137, 443 138, 726 CONT. CONT.
TOTAL 356,512 337,463 366, 283 383, 397 394, 422 403, 493 412,911 422,718 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This program sustains U S. naval scientific and technol ogi cal
superiority, provides new concepts and technol ogi cal options for the maintenance of naval power and national security, and
provi des the means to avoid scientific surprise, while exploiting scientific breakthroughs. The programresponds as noted
below to the science and technol ogy (S&T) requirenents fromthe Departnent of the Navy (DON) Joint M ssion Areas/Joint Suppori
Areas (JMW JSA) and enables the technol ogies that could significantly inprove Joint Chiefs of Staff’s Future Joint Warfightin
Capabilities. It also seeks to exploit new science opportunities relevant to long termnaval requirenents. The Ofice of
Naval Research (ONR) responds to requirenents through major research thrusts in Ocean Sci ences, Advanced Material s,

I nformation Sci ences, and the Sustaining Prograns. These efforts are part of an integrated DON S&T process initiated in 1993

(U This programresponds to the Joint Strike JMA through research | eading to better structural materials to increase platfori
survivability; automated target recognition algorithnms to inprove identification of friend or foe (IFF), and to help inprove
real -time targeting under canouflage conditions; and physics and chenmistry foundations for inproved nultispectral, all-weathel
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sensors and el ectronics. Responses to the Forward Engagement/Deterrence and Joint Littoral JMAs, which cover forward
operations in high-threat coastal regions, involve know edge of near-shore ocean and atnospheric circul ati on, renpte sensing,
acoustics, and optical transm ssion to inprove m ne detection and renoval, special operations capabilities and subnarine
detection; novel structural materials for better ship danage tol erance; data fusion research to integrate environnenta

predi ction products into Command, Control, Conmunications, Conputers and Intelligence/lnformation Warfare (C41/IW systens;
and new concepts in batteries and propellants for inproved torpedo performance. The programresponds to requirements in the
Intelligence/ Surveill ance/ Reconnai ssance JMA with research into advanced materials for inproved sensors and el ectronics;
better signal processing for automated target recognition allow ng rapid ship self-defense and identifying rel ocatable
targets; ocean and atnospheric properties, allow ng sensors to operate nore effectively under highly variable (battl espace)
envi ronmental conditions; and network and data studies to address real-time, all-weather surveillance and targeting, with
short revisit times using nultiple high capacity data |inks. Research into inproved aerodynani c shapes for high endurance
surveill ance responds directly to a requirement of the Counter Proliferation/Wapons of Mass Destruction (CP/ WD) JMA
Research in response to the Readi ness and Support/Infrastructure JSAs includes devel opi ng know edge of acoustic/boundary
interactions for inproved navigation capabilities in poorly charted areas; exploring longer service |life materials for reduce
| ogi stics; and investigating chem cal and biol ogi cal processes for clean handling of shipboard waste. Finally, cognitive
research leading to nore efficient and cost-effective training, to nore user-conpatibl e decision support systems, and to
principles for the design of reconfigurable comand and control structures responds to the Manpower & Personnel and Trai ning
JSAs.

(U Programresponse to affordability requirenments includes research on condition based mai nt enance, enbedded trai ni ng,

manuf acturing science, antifouling coatings, advanced materials and coatings, biosensors, and el ectro-optical and

mul ti functional electronic devices and concepts that pronmise to greatly sinplify future undersea surveillance arrays and rada
systens while reducing life cycle cost.

(U Due to the sheer volunme of efforts included in this program el enment, the prograns described in the Acconplishnments and
Pl ans sections are representative selections of the work included in this program el ement.
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(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis funded under BASI C RESEARCH because it enconpasses scientific study
and experinentation directed towards increasing know edge and understanding in broad fields directly related to |l ong-term
Department of the Navy (DON) needs.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS

1. (U FY 1996 ACCOWVPLI SHVENTS

* (U (%135,750) Ccean Sciences responded to Joint Strike JMA requirenents by investigating on scene techniques for
at nospheric nowasts and forecasts of the battlespace environment for clutter reduction, inproved tactical decision
nmaki ng and operational planning, and to Joint Littoral JMA requirenents by devel opi ng coastal nodels and sensors
| eading to inproved prediction of battlespace conditions for acoustic and el ectro-optical propagation and inversion
to allow reliable detection of targets, mines and obstacles in shallow water environnents. These and rel ated
efforts also responded to the Forward Engagenent/Deterrence JVMA through inproved nobility, awareness and
sustainability.

e (U (%56,247) Advanced Materials responded to the Joint Strike and Intelligence/Surveillance/ Reconnai ssance JMAs by
i nvestigating wi de bandgap sem conduction materials for ultra-linear, w de bandw dth, |ow noise, high efficiency
anplifiers and for power electronic building blocks; new el ectronic materials for processing massive anpbunts of
information at high speeds; inproved acoustic imaging materials for mine detection in turbulent water; and
superconducting materials for superdirective antenna arrays and stable oscillators for radar. Materials responded
to Readi ness and Support/Infrastructure JMAs by increasing research in corrosion-resistant naterials and coati ngs
that can survive in the marine environnent and exceed requirenents in environnental regulations.
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(U) ($39,797) Information Sciences responded to Joint Strike JMA requirements by exploring algorithns using

nonli near inverse techniques to detect weak signals amd clutter and janmmi ng, multi-spectral and w deband
nodul ati on algorithms to anal yze the sensed field, and mssile ainpoint selection algorithns to i nprove perfornance
of multi-spectral seekers; and by extending the science base for information nmanagenment and tactical decision.

(U) ($124,718) Sustaining Prograns responded to the Joint Strike and Intelligence/Surveillance/ Reconnai ssance JMAs
t hr ough expl ori ng bi ol ogi cal and machi ne vision to devel op neural nodels supporting visual processing for real tine
retargeting and rapid mission planning; biomnmetics to devel op uni que enzymatic sensors for detecting hazardous
chem cals; silicon-based neural networks for automated pattern recognition; and nonlinear control for seaborne
crane operation for cargo transfer in sea state three.

2. (U FY 1997 PLAN:

(U (%$129,938) Ccean Sciences will respond to Forward Engagenent/Deterrence, Joint Littoral and
Intelligencel/ Surveill ance/ Reconnai ssance JMAs by advanced studies of littoral internal waves, shoaling surface
waves, and benthic processes, and by exploring concepts and techni ques for autononobus ocean sanpling from unmanned
platfornms for inproved undersea surveillance, mne detection, and counterneasures. It will respond to the Joint
Stri ke JMA by applying a range of advanced techniques to assimilate data into conplex environmental nodels so that
actual environmental measurenents can be reconciled with nodels in real time for inproved system design and
performance, an uncluttered tactical picture, realistic training, doctrine devel opment, and tactical decision

maki ng.

(U) (%$56,630) Advanced Materials will respond to Joint Strike JMA requirenments by investigating high tenperature
superconducting materials in magnetic anonaly detectors for enhanced mi ne counterneasures; advanced netal s and
ceram c conposites for |ightweight and unmanned underwat er vehicles (UUW) used in sea-land assault; and |ightweight
structural materials for engines and missile franmes to i nprove range and operational capabilities.

Page 2-4 of Pages 2-9 Exhibit R 2

UNCLASSI FI ED



UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIVITY: 1 PROGRAM ELEMENT: 0601153N
PROGRAM ELEMENT TI TLE: Def ense Research Sci ences

e (U (%39,391) Information Sciences will respond to Joint Strike and Joint Littoral JMAs by exploring a variety of
artificial intelligence approaches, including neural networks, know edge-based systens, and pattern recognition
net hods, to hel p automate target identification and decision-nmaking, to automate and enhance traini ng/simnulation
technol ogies, and to facilitate man-nmachine interactions; by applying recent theories to achieve the capability to
track many targets over |long periods of time; by refining nunmerical and conputational techniques using nmassively
paral | el processing/ networked work stations for near real-tine el ectromagnetic prediction, and by devel opi ng fast,
nonlinear algorithms for conplex m ssion planning. Mnpower/Personnel and Training JSA requirenents wll be
addressed by prograns integrating intelligent conmputer assisted instruction techniques with virtual environment and
nmulti-nedia interfaces to enabl e enbedded training and enhance operational performance in a variety of operationa
domai ns.

* (U (%105,620) Sustaining Prograns will respond to the Joint Strike and Intelligence/ Surveillance/ Reconnai ssance
JMAs by investigating the principles required for high energy, high efficiency, high repetition rate, very short
pul se, miniaturized lasers for rapid, w de area reconnai ssance sensors essential for effective mne
count er measures; particle wave applications in high precision gyroscopes for navigation systenms; and design of
super-quantum wel | focal plane arrays for sinmultaneous nulti-spectral infrared (IR) detection. Bionedica
investigators will respond to Readi ness JSA requirenments through new approaches to conbat casualty care, inproved
i mmunophysi ol ogy, and enhanced nilitary operational nedicine.

e (U (%5,884) Portion of extramural programreserved for Small Business |nnovation Research assessnent in accordance
with 15 U. S.C. 638.

3. (U FY 1998 PLAN:

e (U (%$137,085) Ccean Sciences will respond to Joint Littoral requirements by undertaking experinments to identify
and understand processes unique to margi nal and seni-encl osed seas (e.g., Red Sea, Mediterranean, Ckhsotsk, and
Persian GQulf) to support higher resolution environnental nowcasts/forecasts, inproved nine drift prediction, and
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i nproved acoustic/ nonacoustic anti submarine warfare environnmental information; and by continui ng devel opment of
advanced nodel s coupled to renpte sensor observations for higher resolution, inproved coastal waves prediction.

(U (%61, 466) Advanced Materials will respond to Forward Engagenent/Deterrence requirenents through investigations
into inproved materials for air frames and radonmes; and to requirenents for Support/Infrastructure JSA through
expl oration of thermal spray nanoscal e coatings for wear, corrosion, and thermal barrier applications.

(U (%42,755) Information Sciences will respond to Joint Strike requirements through investigation of HiInfinity
waves | eading to inproved conputational nodels for increased efficiency of shipboard el ectromagnetics (EM design,
i ncreased efficiency of shipboard EM systens, and reduction/control of ship s EMsignature. It will respond to

Maritinme Support through devel opment of nathematical and conputational tools for analysis, estimation, and
predi cti on of oceanographic and neterol ogi cal environnental conditions on the regional scale.

(U (%$124,977) Sustaining Programs will respond to Joint Strike by investigating techniques for radio frequency
clutter suppression for ship defense and missile seekers, and nulti-spectral sensors/data fusion in support of

avi oni cs and weapons. They will respond to C4l/IWrequirenents through exploring potentially sinpler and nore
robust spin-injected electron devices for: nagnetic sensors and magneto-optics; non-volatile nenory for satellites,
m ssiles, and nobil e communi cation units; high-speed, |ow power sw tches; | ow power digital electronics such as
nenory el enents; and phased-array radar antenna el ements.

4. (U FY 1999 PLAN

($142,568) Ccean Sciences will respond to Intelligence/Surveill ance/ Reconnai ssance requiremnments through

i nvestigating predictability in the ocean and atnosphere, exanmining sensitivities to initial and boundary
conditions in order to devel op inproved strategies for targeting observations from depl oyabl e sensor systens; and
to Joint Strike requirenments through continuing bi odynanic sensing/processing effort using signals fromtwo
precisely located sensors to inprove detection/classification/localization of submarines with | ow no Doppl er

ef fects.
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PROGRAM ELEMENT TI TLE: Def ense Research Sci ences

($63, 925) Advanced Materials will respond to Support/Infrastructure JSA requirenments through new understandi ng of
af fordabl e conposite technol ogy for naval structures gained from exploration of nmethods to characterize conposites
for their use in various designs; and through sub-grid nodeling to characterize small scal e structural phenonena

leading to new material properties. It will respond to Joint Strike requirenents through continued studi es of
i nproved energetic materials to achieve higher lethality with reduced wei ght.
(%44, 465) Information Sciences will respond to Joint Strike requirements by exploring adaptive non-linear control

for integrated flight propulsion avionics, and to Support/Infrastructure JSA requirenments by investigating the
applications of chaos theory to nonlinear control of cranes.

($132,439) Sustaining Programs will respond to Support/Infrastructure requirenents through hybrid nodeling anal ysis
of genetic logic to yield control of shipboard processes, including bioreactors/biomaterials; tools for adaptive
intelligent systenms, such as autononmous agents and unnmanned vehicles; and (responding also to Counter
Proliferation/VWD requirenents) rapid, rational identification of nolecular targets for therapeutic interventions
agai nst old and new chem cal biol ogi cal defense (CBD) agents.

B. (U PROGRAM CHANGE SUMMVARY:

(V)

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 361, 972 371, 904 386, 127 410, 684
(U Adjustnents from FY 1997 PRESBUDG -5, 460 - 34, 441 -19, 844 -27, 287
(U FY 1998/1999 PRESBUDG Subni ssi on 356, 512 337, 463 366, 283 383, 397

CHANGE SUMVARY EXPLANATI ON

(U Funding: FY 1996 adjustments reflect SBIR assessnent (-$1,935); year-end update (-$1,844); Administrative and
Personnel Services reduction (-%$1,262); and a Jordanian F-16 financing rescission (-%$419). FY 1997 adjustnents
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C (Y
(V)

PROGRAM ELEMENT TI TLE: Def ense Research Sci ences

refl ect a general Congressional Reduction (-$20,000); general RDT&E reduction (-$%$7,038); Navy Wrking Capital Fund
(NWCF) and minor rate adjustnents (-$7,403). FY 1998 adjustments reflect DON internal adjustnents (-%$5,232); NWCF and
m nor rate adjustnents (-%$7,603); Inflation reduction (-$998); MIlitary and Cvilian Pay Rates (+$293); and Defense
Sci ence Technol ogy adj ustnent (-$6,304). 1999 adjustnments reflect an internal DON realignment (-%$17,088); NWCF and

m nor rate adjustnents (-$796); transfer to NTIP (-$3,956); Defense Science and Technol ogy adjustnent (-$4,519);
Inflation

(-%$1,308); and Mlitary and Gvilian Pay Rates (+$380).

(U Schedul e: Not applicable.

(U Technical: Not applicable.

OTHER PROGRAM FUNDI NG SUMMVARY: Not applicabl e.
RELATED RDT&E:

U) PE 0601102A (Arny Defense Research Sciences)

U) PE 0601102F (Air Force Defense Research Sciences)

U) PE 0601152N (I n House Laboratory |Independent Research)

U) PE 0602111N (Surface/ Aerospace Surveillance & Wapons Technol ogy)
U) PE 0602121N (Surface Ship Technol ogy)

U) PE 0602122N (Aircraft Technol ogy)

U) PE 0602234N (Materials, Electronics & Conputer Technol ogy)

U) PE 0602314N (Undersea Surveillance & Weapons Technol ogy)

U) PE 0603207N (Ai r/ Ccean Tactical Applications)

U) PE 0603785N (Conbat Systens COceanographic Perfornmance Assessnent)
Activities are coordinated through Tri-Service 6.1 Reliance Scientific Planning G oups.

ANAN AN AN AN AN AN AN AN
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D. (U SCHEDULE PROFI LE: Not applicable.
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(U COsT: (Dollars in Thousands)

PRQIECT
NUMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY2002 FY2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE  PROGRAM

Sur f ace/ Aer ospace Surveillance & Wapons Technol ogy

46, 015 31,921 32,273 38, 833 39, 780 40, 492 41, 396 42, 301 CONT. CONT.

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  Thi s program el enent was restructured by transferring the
Surface and Aerospace Surveillance Technol ogy portion of this programelement with the exception of the FY 1995
Congressional plus-up for Miulti-Spectral Shipboard Surveillance Technol ogy to Program El enent (P.E.) 0602232N, Space and
El ectronic Warfare Technology. This restructured P.E. will support future weapons systens for surface and air platforns
for Naval Warfare relating to the Joint Mssion Area of Joint Strike and Joint Littoral Warfare. Specifically:

(U The Joint Strike Mssion Area includes technol ogy issues in weapons disciplines relating to real-tine targeting and
retargeting, surgical lethality, platformsurvivability, and Battle Danage |ndication. Prograns include mnission
pl anni ng, nissile and propul sion technol ogy, advanced war heads, and precision targeting.

(U The Joint Littoral Warfare M ssion Area includes technology issues in air and surface battl espace don nance
relating to ship defense, air superiority, Naval Surface Fire Support. Prograns include |ow cost mssile guidance and
control, high firepower guns and guided projectiles, airborne and shipboard fire control, nissile propulsion, and
feasibility investigations of innovative weapon system concepts.

(U Due to the sheer volunme of efforts involved in this P.E., the efforts described in the acconplishnments and pl ans
section are representative selections of the work included in this P. E
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(U These efforts support the Joint Warfare Strategy "Forward...fromthe Sea". Progranms in this P.E. are jointly
planned in the Reliance process with the Air Force and Arnmy through panels of the Joint Drectors of Laboratories (JDL).

(U The Navy S&T programincludes projects that focus on, or have attributes that, enhance the affordability of
war fi ghting systens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI B RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a
nmaj or devel opnent effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS:

1 (U FY 1996 ACCOWPLI SHVENTS:

* (U (%$10,916) SH P DEFENSE I N SUPPORT OF SURFACE BATTLESPACE:
- (U Initiated:

-- (U Precision track Radi o Frequency (RF) technol ogy; Design and anal ysis of precision track
concepts for targeting supersonic anti-ship threats.

-- (U Investigations into feasibility of gun weapon system based on the Rm Accel erator concept that
can exceed 20M] in nuzzle energy while satisfying the constraint that the gun barrel not exceed 25
feet of length (length of 5 M 54 Gun Barrel).

- (U Continued:

-- (U Reactive material warhead efforts by designing baseline warhead.

-- (U Mniature RF Guidance Technol ogy Devel opnent by designing and fabricating a breadboard
mllimeter wave receiver/antenna and devel opi ng processor and precision range resol ution
al gorithns.
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-- (U) Fabrication, test & evaluation of breadboard | ow cost, |ightweight, Infrared Focal Plane Array
(I RFPA) test-bed tracker for self-defense weapon fire control investigation.

-- (U Low altitude Infrared (I R) Fuze devel opnent by conducting systemintegration tests over sea
surf ace.

- (U Conpleted:

-- (U Fabrication and test of barrel and chanber sealing mechani smfor nulti-purpose conposite
| auncher.

-- (U Hydro-code and small scale lethality test and eval uati on of expl osively generated water columms
for water barrier Ship Based-defense.

-- (U Test plans for |RFPA testbed.

-- (U Vvalidation of multipath and clutter nodel for miniature RF guidance effort.

e (U (%8,582) FREE ELECTRON LASER (FEL): (Congressional plus-up)
(U Initiated:

-- (U Design, fabricate, and activate a 1 Kilowatt average power FEL operating in thelR spectrum
-- (U Evaluate the suitability of the FEL for Navy Anti-Ship M ssile Defense.

e (U (%8,752) AIR SUPERI ORI TY:
- (U Initiated:

-- (U Devel opnent of aerodynanic prediction code techniques including conputational fluid dynamc
code devel oprent and experinental wi nd tunnel experinents that are needed to predict the
aer odynam ¢ performance of non-axi synmetric missile airframe shapes at high angles of attack
flight conditions and over a speed reginme fromtransonic up to Mach 3.5.

-- (U Application of structural conposites (fiber reinforced, resin-matrix conposite materials) for
devel oping Iightweight, |low cost missile airfrane design concepts that will satisfy |owto-high
tenperature (1000 deg. F), high strength (>300ksi), and high stiffness requirenments (for high
gs: >60g) of future Air-to-Air tactical missiles.
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-- (U) Devel oprment of inproved conbustion initability prediction nodel that can be used to reduce the
i kel i hood of conbustion initability problens in solid rocket notor propul sion systens.
- (U Continued:
-- (U Hardware-in-the-Loop (HWL) simulations and systemlevel tests of IR and RF Gui dance- | ntegrated
Fuse (G F) breadboard hardware for inproved air-to-air mssile lethality.
-- (U Investigation of coherent fiber bundl e scene transformati on technique for IR scene generation.
-- (U Of Axis fire control architecture investigations.
-- (U D anond done strength inprovenment and polishing denonstrations.
- (U Conpleted:
-- (U HWL simulation of Lock-on-after-Launch (LOAL) conponents for inproved air-to-air conbat
survivability.
-- (U Denonstration of tracker and inmage processor for IR GF effort.
-- (U Miltisensor algorithmdevel opnment for off axis fire control.
-- (U Renote stabilization algorithmtesting.

. (U (%$1,905) | NTEGRATED H GH PAYOFF ROCKET PROPULSI ON TECHNOLOGY (| HPRPT) (Congressional Pl us-up):
(Funds to be executed in FY 1997 to forward fund FY 1997 requirements.)
- (U Initiated:

-- (U Devel op candi date propellant formnul ations using ammoni umdinitram de (ADN) oxidizer. Design
and bench test high tenperature, high strength conposite rocket notor cases and a conpact 3-axis
thrust vector control system Goal of efforts is to increase delivered energy by +3% and i nprove
mass fractions by +10% (year 2000 | HPRPT goal).

e (U (%11,341) STRIKE AND ANTI SURFACE WARFARE (ASUW WEAPONRY:
- (U Initiated:
-- (U Denonstration of brassboard high frequency band Synthetic Aperture Radar (SAR).
-- (U Land battle damage indication SAR tests and change detection al gorithns.
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-- (U) Feasibility studies for an adaptive warhead concept that will reduce the nunber of different
war head types fromthree to one to address the wi de spectrumof surface target types, thus
alleviating a significant vertical |aunch systeml|oad out problem

-- (U Devel opnent of subsonic and supersonic, |ow drag, |owRadar Cross Section (RCS), and bl ended
body airframe concepts that provide 20% drag reducti on and 50%  range i ncrease over conventional
desi gn.

-- (U Precision weapon targeting and fire control investigations that assure 3 neter Grcular Error
of Probability (CEP) against fixed, relocatable, and noving targets.

-- (U High speed, small, |ow power processors for automatic, near real time, high resolution inage
processing for real time retargeting and rapid m ssion planning for cruise mssiles.

-- (U Propul sion and Gui dance and Control (G&C) technology feasibility investigations for a future
| ong range, Mach 6+, Vertical Launch System (VLS) compatible, quick response, and tine critical
counter force weapon.

- (U Continued:
-- (U Application of parallel distributed processing techniques for tinmely routing, mssion planning

and adaptive mssion control for cruise nissile applications.
-- (U Solid Fuel Air Explosives (SFAE) warhead technol ogy devel opnent.

- (U) Conpl eted:
-- (U Defense Advanced Research Projects Agency (DARPA) WARBREAKER environnent simnul ati ons of

paral |l el processing algorithns for near real-tinme mssion planning and adaptive in-flight nission
re-planning capabilities for future Navy smart weapons.

-- (U) Adaptive Mssion Control efforts in parallel processing task with transition of adaptive Strike

Pl anner, target recognition processor, and m ssion database to Cruise Mssile Real Tine
Ret argeting Denonstration task under Project R0447, PE 0603217N.

-- (U Target confirnmation algorithnms for ships in port.

-- (U Target selection nodule and ai npoint selection algorithns for |and targets.

« (U ($2,614) NAVAL SURFACE FI RE SUPPORT (NSFS):
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- (U Initiated:
(U) Devel opnent of a | ow cost strapdown IR inmaging seeker to provide term nal guidance for gun

| aunched NSFS Weapon System

- (U Continued:
(U Efforts in long range gun | aunched rocket propulsion technology initiated in FY 1995 under

Stri ke and ASUW weaponry by conducting rocket notor sub-systemprelimnary design feasibility
assessnents.

. (U (%$1,905) LONG RANGE PRQJECTILE (Congressional Plus-up): (Funds to be executed in FY 1997 to forward

fund FY 1997 requirenents.)

- (U Initiate:
-- (U This increase, jointly planned with the Army, was to significantly extend the range of gun-
| aunched precision guided nunitions by providing for devel opnental testing of new rocket notor
propel | ants using nano-neter netal powders. New formulations in explosives will be tested which

will lead to significant enhancements in projectile warhead lethalities and effectiveness.
Additionally, projectile mating joint technologies will be denmonstrated which will facilitate nore

efficient projectile designs.

2. (U FY 1997 PLAN:

(U) (%$6,340) SH P BASED DEFENSE | N SUPPORT OF SURFACE BATTLESPACE:

- (U Continue:
-- (U Test and eval uation of breadboard | ow cost, |ightweight, |RFPA test-bed tracker.
-- (U Precision track RF technol ogy; Refine candi date system concepts, system simulation and

nodel i ng, and solid state transmitter/receiver nodul e eval uation.
-- (U Low altitude fuze devel opnent by nodeling high power short pulse |aser Target Detection Device

(TDD) for inproved perfornance in low visibility aerosol and snoke conditions.
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-- (U Ram Accel erator technol ogy by conducting prelimnary design studies for high pressure gas
nmanagenent and conputational fluid dynam ¢ nodeling of in-bore high pressure conbustion processes.

-- (U Reactive materials warhead investigation by testing baseline warhead design and conducti ng gas
gun test to facilitate devel opnent of shock induced reaction nodels.

- (U Conpl ete:

-- (U Mniature RF Guidance technol ogy devel opnent effort by denmonstrating, via simulation, the
term nal accuracy of a Strapdown Wband Seeker in a track via projectile node, sized for a 60mm
projectile.

-- (U I RFPA test bed tracker effort by field testing tracker and innovative non-uniformty
conpensation techni que.

* (U (3,209) |INTEGRATED H GH PAYOFF ROCKET PROPULSI ON TECHNOLOGY (I HPRPT) (includes $1,000 FY 1997
Congressi onal Plus-up): ($2,000 to be executed in FY 1998 to forward fund FY 1998 requirenments.)

This effort continues work initiated with the FY96 Congressional plus-up. All tactical rocket propulsion

technol ogy efforts previously described under Air Superiority directly support the | HPRPT national goals

as well as Navy goals for tactical missile propulsion technology and will hence forth be described under

t he | HPRPT headi ng.

- (U Initiate:

-- (U Devel opnent of insensitive, high performance solid rocket propul sion conmponents from screening

of emerging energetic materials, scale-up and propellant formnulation, through characterization of
subscal e perfornance

- (U Continue:
-- (U Conbustion instability investigation by conducting notor tests to validate instability nodels.

-- (U Propellant formulation investigations expandi ng ingredients base to include CL-20 and poly
gamma Cycl odextrin Nitrate (CDN).

Page 3-7 of 3-19 Pages Exhibit R 2

UNCLASSI FI ED



UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT:  0602111N
PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

* (U (%1,908) AIR SUPERI ORI TY:
- (U Continue:
-- (U Aerodynani c advanced prediction code devel opnment for transonic high angle of attack
appl i cations including non-axisynetric body configurations and nonlinear nodes. Aero prediction
codes in this reginme needs further devel opnent especially for high angles of attack.
-- (U RF @F, high range resolution breadboard hardware for inproved air-to-air mssile lethality in
hi gh speed encount ers.
-- (U D anmpond dome strength inprovenent and polishing denonstration.
- (U Conpl ete:
-- (U Investigation of coherent fiber bundle scene transformation techniques for IR scene generation
by conpl eting projector assenbly and final testing.
-- (U IRGAF investigation by denonstrating passive sensor processing algorithns to provide real tine
estimates of warhead firing commands under a range of air to air weapon encounters.
-- (U Of axis fire control architecture investigation with design of off axis IRRRF fire control
sensor suite.

* (U (9%9,806) STRIKE AND ASUW V\EEAPONRY:
- (U Initiate:
-- (U High speed missile propul sion technol ogy studies and devel opnent for tine critical targets.
-- (U Devel oprment of Automatic Target Recognition (ATR)/Bio-Vision technology for strike.
-- (U Data conpression techniques for battle danmage inagi ng vi deo.
-- (U Affordabl e Seeker Concepts: Analysis of requirenents and design for a strike seeker using
concurrent engineering techniques to reduce design and prototype fabrication tines.
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-- (U Affordabl e Seeker Concepts: wusing concurrent engineering techniques to reduce tinme and cost;
conpl ete requi renents anal ysis, design, devel opnent and begin fabrication of a strike seeker for
test and eval uation.

-- (U Ar and surface explosives technol ogy devel opnent to include CL-20 applications.

- (U) Conti nue:

-- (U High speed, small, |ow power processors for automatic, near real time, high resolution inage
processing for real time retargeting and rapid mssion planning for cruise mssiles.

-- (U Adaptive warhead concept studies by conducting scal e eval uati ons of advanced expl osive
materi al s.

-- (U Assessnment of lifting body airframe technology with enphasis on subsonic strike weapon
applications and initial assessnment of supersonic concepts.

-- (U Enpirical modeling of detonation process for reactive materials for solid fuel air explosive
war head.

-- (U Parallel distributed processing techniques for routing and m ssion planning applications with
transition to PE 0603217N, for captive flight test eval uations.

-- (U Land battle damage indication SAR testing and change detection algorithns.

- U Conpl ete:
-- (U Docunentation of bistatic SAR high frequency band brassboard

e (U) (%4,571) NSFS: (%$2,000 to be executed in FY 1998 to forward fund FY 1998 requi renents.)
- (U Initiate:

-- (U Mssion planning and fire control studies to identify needed technol ogy solutions for future
NSFS weapon systens.

-- (U Incorporate results of Long Range projectile efforts in technol ogy devel opnent in gun
propel | ant, expl osives, and advanced projectile concepts initiated with FY96 Congressi onal pl us-
ups.

-- (U Hypersonic rocket notor design

-- (U Feasibility assessnment of high strength conposite barrels for Naval gun applications.
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-- (U) Feasibility assessnment of advances in relative d obal Positioning System (GPS) targeting
concepts that will lead to increased target |ocation accuracies.
-- (U Long range projectile aerodynam c studi es.
- (U Continue:
-- (U Assessnment of strapdown |R inmagi ng seeker architecture for | ow cost gun | aunched projectile.
-- (U @un launched rocket technol ogy devel opnent by fabricating an advanced notor and conducti ng
structural and performance eval uations.

* (U (%6,000) FREE ELECTRON LASER ( FEL) CONGRESSI ONAL PLUS- UP:

- (U Continue:
-- (U Design, fabricate, and activate a 1 Kilowatt average power FEL operating in the IR spectrum
-- (U Evaluate the suitability of the FEL for Navy Anti-Ship Mssile Defense.

* (U (%87) Portion of extranmural programreserved for Snall Business Innovati on Research assessnment in
accordance with 15 U. S.C. 638.

3. (U FY 1998 PLAN:

* (U (%$7,510) SH P BASED DEFENSE | N SUPPORT OF SURFACE BATTLESPACE:
- (U Initiate:
-- Testing and neasurenents for |ow altitude propagation by renpte sensors for sensor adaptation.

- (U Continue:
-- (U Precision track RF technology; solid state transnmitter/receiver nodul e eval uati on.
-- (U Low altitude fuze devel opnent through experinments using a high power short pulse |laser TDD for
i mproved performance in low visibility aerosol and snoke conditions.
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-- (U Ram Accel erator technol ogy by conducting design studies for high pressure gas managenent,
conputational fluid dynam c nodeling of in-bore high pressure conmbustion processes, and ot her
hypervel ocity gun trade studi es.

-- (U Reactive materials warhead investigation by testing baseline warhead design and conducti ng gas
gun test to facilitate devel opment of shock induced reaction nodels and identifying materials for
upcom ng ATD (risk reduction).

- (U Compl ete:

-- (U IRFPA test bed tracker effort by field testing tracker and by denonstrating non uniformty

signal processing conpensation techni que.

. (U (%$3,312) AIR SUPERIORITY:
- (U Initiate:
-- (U Joint technol ogy devel opnent effort with the Air Force for next generation air to air mssile.
- (U Continue:

-- (U RF @F high range resol ution hardware eval uation.

-- (U Devel opnent of insensitive, high performance solid rocket propul sion conmponents from screening
of emerging energetic materials, scale-up and propellant fornulation, through characterization of
subscal e perfornance.

-- (U Aerodynani ¢ advanced prediction code devel opnent for transonic high angle of attack
appl i cations including non-axisynetric body configurations and nonlinear nopdes.

-- (U Propellant forrmulation investigations started in FY96 with | HPRPT Congressional plus-up funding
and expand ingredients base to include CL-20 and poly gamma CDN.

- (U) Conpl ete:

-- (U Dianond done strength inprovenents and polishing denonstrations.

-- (U Conbustion instability investigations and denonstrations of notor tests to validate instability
nodel s.

e (U (%2,922) Integrated Hi gh Payoff Rocket Propul sion Technol ogy (I HPRPT):
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- (U Initiate:

-- (U Investigation of ADN ingredient for Phase Il propellant formulation (Phase Il goal - 7%
i ncrease in specific inmpulse).

-- (U Investigation for a light weight on-command pintle thrust nmagnitude control (TMC) systemto
denonstrate 40:1 turn down ratio and 30% reduction in weight and volune over state-of-the-art
nmul ti pl e pul se rocket notor systens.

-- (U Investigation into | ow erosion, oxidation resistant nozzle throat entrance and exit cones to
reduce wei ght (15-25% and inprove delivered inpulse (2-5 sec).

- (U Continue:
-- (U Propellant formulation investigations started in FY96 with | HPRPT Congressional plus-up funding
and expand ingredients base to include CL-20 and poly ganmma CDN.
- (U Conpl ete:
-- (U CL-20/A and CL-20/ ADN Phase | propellant fornulation efforts with sub scale notor tests.
-- (U Three-axis thrust vector control concept denmpnstrating a supersonic flex-seal nozzle.

e (U (9%9,990) STRIKE AND ASUW V\EEAPONRY:
- (U Initiate:

-- (U Devel opnent of conposite technol ogy for high speed mssiles.

-- (U Affordabl e Seeker Concepts: Analysis of requirenents and design for a strike seeker using
concurrent engineering techniques to reduce design and prototype fabrication tines.

-- (U Affordabl e Seeker Concepts: Using concurrent engineering techniques to reduce tinme and cost;
conpl ete requirenents anal ysis, design, devel opnent and begin fabrication of a strike seeker for
test and eval uati on.

- (U Continue:

-- (U Adaptive warhead concept studies by conducting scal e eval uati ons of advanced expl osive
mat eri al s devel oped under PE 0602314N.

-- (U Assessnent of lifting body airfrane technol ogy for supersonic strike weapon applications.
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT:  0602111N
PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

-- (U) Enpirical nodeling of detonation process, fuel optimzation, and warhead designs for reactive
materials for solid fuel air explosive warhead.

-- (U Ar and surface expl osives technol ogy devel opnent to include CL-20 applications.

-- (U Data conpression techniques for video i nages of battle damage.

-- (U Hi gh speed weapon propul sion, guidance and control, and airfrane investigations for tinme
critical targets.

-- (U Technol ogy devel opnent in ATR/signal processing to include bio-vision techniques.

- (U Conpl ete:

-- (U Parallel distributed processing techniques for routing and mi ssion planning applications with

transition to PE 0603217N, for captive flight test eval uations.

* (U (%8,539) NSFs:
- (U Initiate:
-- (U Feasibility assessnent of high strength conposite barrels for Naval gun applications.
- (U Continue:

-- (U Assessment of strapdown IR inmagi ng seeker and high resolution/clutter simnulation.

-- (U @un launched rocket technol ogy devel opnent by fabricating an advanced notor and conducti ng

structural and performance eval uations; fin control systemtesting.

-- (U Assessnent of high strength conposite barrels for Naval gun applications.

-- (U Long range projectile aerodynam c studi es.

-- (U Hypersonic rocket notor design.

-- (U NSFS warhead desi gn devel opnent to include advanced energetic explosive fornmulati ons and new
shaped liner technology for unitary warheads in order to defeat next generation arnor on the
battl efi el d.

(U) Technol ogy devel opnent in new propellant, explosives, and advanced projectile concepts.
-- (U Mssion planning and fire control studies.
-- (U Feasibility assessnment of advances in relative GPS targeting concepts that will lead to
i ncreased target |ocation accuracies.
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT:  0602111N
PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

4. (U FY 1999 PLAN

(U (3
- (U

- (Y

9, 365) SHI P BASED DEFENSE | N SUPPORT OF SURFACE BATTLESPACE

Initiate:

(U Milti-sensor threat evaluation and weapon assessnent system for ship-based def ense.

(U) Surface |aunched propul sion investigations for increasing mssile average velocity.

Conti nue:

(U Measurenents of |ow altitude propagation and nmaj or denonstrations supporting interactive

adapt ati on of radar sensors.

(U Precision track RF technol ogy; refine candi date system concepts, system sinulation and

nodel ing, and solid state transnmitter/receiver nodul e eval uati on.

(U Low altitude fuze devel opnent by denonstration and field testing of high power short pulse

| aser TDD for inproved performance in low visibility aerosol and snpke conditi ons.

(U Ram Accel erator technol ogy by conducting prelimnary design studies for high pressure gas
managenent and conputational fluid dynam ¢ nodeling of in-bore high pressure conbustion processes
(U Reactive materials warhead investigation by testing baseline warhead desi gn and conducti ng gas
gun tests to facilitate devel opment of shock induced reaction nbpdel s and eval uate new | et hal
nmechani sns.

Conpl et e:

(U Denonstrate the termnal accuracy of a 60mm projectile attainable with | ow cost strapdown W
band seeker in a track-via-projectile node.

« (U ($4,277) AR SUPERI ORI TY:

- (Y

Cont i nue:
(U) Devel opnent of technol ogy efforts begun in FY98 supporting the Joint Conmon M ssile program
with the Air Force.
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT:  0602111N
PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

-- (U RF AF investigation by denonstrating algorithnms to provide real tinme estimtes of warhead
firing commands under a range of high-speed air-to-air encounters.

- (U Compl ete:
-- (U Aerodynani ¢ advanced prediction code devel opnment for applications including non-axisynetric
body configurations, nonlinear nodes and core aeroprediction studies.

* (U (%$3,568) | NTEGRATED H GH PAYOFF ROCKET PROPULSI ON TECHNOLOGY (| HPRPT) :
- (U Initiate:

-- (U Evaluation of NR as an ingredient for Phase Il propellant formulations (Phase Il goal - 7%
i ncrease in specific inmpulse).
-- (U) Develop and denonstrate a small, |ight weight (80% wei ght reduction) retractable thrust vector

control (TVC) systemusing jet vanes, jet tabs or other simlar type of thrust deflection mechanism

that can be retracted when not in use.
- (U Continue:

-- (U Phase | propellant fornulation efforts by downsel ecting fornul ati on of FYOO subscal e not or
tests.

-- (U) Devel opnment of insensitive, high performance solid rocket propul sion conmponents from screening
of emerging energetic materials, scale-up and propellant formulation, through characterization of
subscal e perfornance.

-- (U ADN Phase || propellant ingredient investigation.
-- (U Advanced nozzle technol ogy investigation.
-- (U On-command pintle thrust magnitude control.

« (U (%11,821) STRIKE AND ASUW VEAPONRY:
- (U Initiate:
-- (U Thermal nanagenent technol ogy devel opment for high speed nmissiles
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PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

- (U Continue:

-- (U) Devel opnent of conposite technol ogy for high speed mssiles.

-- (U Ar and surface explosives technol ogy devel opnent to include CL-20 and ot her advanced energetic
mat eri al s.

-- (U Affordabl e Seeker Concepts: Analysis of requirenents and design for a strike seeker using
concurrent engineering techniques to reduce design and prototype fabrication tines.

-- (U Affordabl e Seeker Concepts: wusing concurrent engineering techniques to reduce tine and cost;
conpl ete requi renents anal ysis, design, devel opnent and begin fabrication of a strike seeker for
test and eval uation.

-- (U Enpirical nodeling of detonation process for reactive materials for solid fuel air explosive
war head.

-- (U Hi gh speed weapon propul sion, guidance and control, and airfrane investigations for tinme
critical targets.

-- (U Assessnment of supersonic lifting body airframe technol ogy with enphasis on hi gh speed
propul sion/airframe integration issues.

-- (U Technol ogy devel opnent in ATR signal processing to include bio-vision techniques.

- (U) Conpl ete:

-- (U Selection and denonstrati ons of advanced expl osive materials for adaptive warhead concept.

-- (U Assessnent of lifting body airfranme technol ogy for subsonic and supersonic strike weapon
appl i cati ons.

* (U (9%9,802) NSFs:
- (U Initiate:
-- (U Integration of mniaturized GPS/El ectronics Counter Counter Measures (ECCM concept into new
projectile design, including fabrication and testing
- (U Continue:
-- (U Technol ogy devel opnment in gun propellant, explosives, and advanced projectile concepts
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PROGRAM ELEMENT: 0602111N
PROGRAM ELEMENT TI TLE:

DATE: February 1997

Sur face/ Aer ospace Surveillance & Wapons Technol ogy

-- (U) Feasibility assessnment of advance relative GPS targeting concepts that will lead to increased

target |ocation accuracies.

-- (U Design and validation of nodels for strapdown IR inmagi ng seeker technol ogy.
-- (U Investigation into high strength, long wearing, and |ight weight materials for future naval

long life gun barrels.

-- (U NSFS warhead desi gn devel opment to include advanced energetic explosive fornul ati ons and new
shaped liner technol ogy for unitary warheads in order to defeat next generation arnor on the

battl efi el d.

-- (U Mssion planning and fire control studies.

- (U Comnpl ete:

-- (U Long range aerodynam c studi es.
-- (U @un launched rocket technol ogy devel opnent by conducting nmotor structural and performance

eval uations and fin control

systemtests.

-- (U Hypersonic Rocket Mtor risk reduction technol ogy support.

(U PROGRAM CHANGE SUMVARY
(U FY 97 President’s Budget:
(U Adjustnments from FY1997 PRESBUDG
(U FY 1998/ 1999 PRESBUDG Submi ssi on:

(U  CHANGE SUMVARY EXPLANATI ON:

FY 1996 FY 1997 FY 1998
42, 313 26, 312 34, 680
+3, 702 +5, 609 -2,407
46, 015 31,921 32,273
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602111N

(Y

PROGRAM ELEMENT TI TLE: Surface/ Aerospace Surveillance & Wapons Technol ogy

(U Funding: FY 1996 adjustnments reflect a Jordanian F-16 financing rescission (-49); SBIR assessnent (-248); and
changes in programrequirenents (+3,999). FY 1997 adjustnments reflect Congressional plus-ups for Free Electronic
Laser (+6,000) and | HPRPT (+1,000) and a conbi nation of Navy Working Capital Fund (NWCF) and m nor rate adjustnents
(-1,391). FY 1998 adjustnments reflect an increase due to restructuring of program(+1,000); NAF and mnor rate

adj ustnments (-617); reductions based on a FY 1996 funded program accel eration (-%$4,088); fact-of-life rate

adj ust ment (-%$1,000); a Defense Science and Technol ogy adjustnent (+2,380); and Inflation adjustnent (-82).

FY 1999 adjustnents reflect NWCF and minor rate adjustments (-513); and DoD-directed Defense Sci ence Technol ogy

adj ustnment (+2,000); and Inflation adjustment (-144).

(U Schedul e: Not applicable.
(U Technical: Not applicable.
OTHER PROGRAM FUNDI NG SUMMARY: Not Applicable

(U RELATED RDT&E: This P E. adheres to Tri-Service Reliance agreenents with oversight provided by the JDL. This
P.E

CONVENTI ONAL Al R/ SURFACE VEEAPONRY

PE 0601153N (Def ense Research Sci ences)

PE 0602203F (Aerospace Propul sion)

PE 0602232N (C3 Technol ogy)

PE 0602234N (Materials, Electronics and Conputer Technol ogy)
0602302F (Rocket Propul sion and Astronautics Technol ogy)
PE 0602303A (M ssil e Technol ogy)

PE 0602601F (Advanced \Weapons)

PE 0602602F (Conventional Minitions)

PE 0602618A (Ballistics Technol ogy)

PE 0602624A (Wapons and Muni tions Technol ogy)

ccccccccccece
Y]
m
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PE 0603004A (Weapons and Muni ti ons Advanced Technol ogy)

PE 0603216F (Aerospace Propul sion and Power Technol ogy)

PE 0603609N ( Conventional Munitions)

PE 0603640M ( Mari ne Corps Advanced Technol ogy Denpnstrati on)

PE 0603790D ( NATO Research and Devel opnent)

This is in accordance with the ongoing Reliance joint planning processes.

cccccece

(U  SCHEDULE PROFI LE: Not applicabl e.

This page intentionally |eft blank.

Page 3-19 of 3-19 Pages Exhibit R-2

UNCLASSI FI ED



UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(Y COST: (Dol lars in Thousands)

PRQJECT
NUVBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE  PROGRAM
Surface Ship Technol ogy
61, 717 51, 399 46, 859 47, 353 48, 928 49, 646 51, 057 52, 284 CONT. CONT.
A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This program el ement (PE) provides for surface ship and

submari ne technol ogy devel opnents that contribute to nmeeting the joint warfare capabilities established by the Joint Chiefs ol
Staff; nanmely to pronptly engage regional forces in decisive conbat on a global level, to enploy a range of capabilities nore
suitable to actions at the lower end of the full range of mlitary operations which allow achi evemrent of nmilitary objectives
with mnimum casualties and coll ateral damage, and to counter the threat of weapons of mass destruction and future ballistic
mssile and cruise mssiles to the United States and depl oyed forces.

(V) Thi s PE devel ops affordable hull, mechanical, and electrical (HWMRE) technol ogy options for both surface ships and
submari nes, and | ogistics technology and environnmental protection for all Navy platforns and those shore facilities that
directly support them

(Y The surface ship and submarine (HWRE) portion of this programis divided into four technology thrusts: Structural
Systens, Power and Automation, Signature Control, and Maneuvering and Seakeeping. They include el ectromagnetic and acoustic
signhature reduction, structural and weapon related survivability inprovenent, electrical and nechanical system efficiency,
darmage control, hydrodynami cs, and propul sion alternatives. 1In addition, affordability for reduced acquisition and life-cycl:«
costs is being pursued in all technology thrusts. Concepts that reduce the cost of design, fabrication, outfitting,

mai nt enance, and operation are being devel oped. This HV&E t echnol ogy spans various Joint M ssion Areas and supports the Joini
warfare Strategy "Forward ...Fromthe Sea."
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(Y Begi nning in FY 1998 funding for Logistics and Environmental Quality technology will noved from PE 0602233N to this nore
appropriate PE

(V) Logi stics technol ogi es increase operational readiness through effective managenen and novenent of supplies ashore and
at -sea, and advanced techni ques for nore cost-effective construction and mai nt enance of shore and off-shore facilities.
Technol ogy devel opnent in these areas responds to a variety of requirenents, including: providing the |ogistic support needed
to support anphibious | anding; providing the diagnostic technologies that will enable the inplenentation of a condition-based
vs. time-based maintenance phil osophy; and providing a |ong distance |ogistics supply chain with short reaction tine.

(V) Environmental quality technol ogi es enabl e sustai ned Navy operations, world wide, in conpliance with all national and
international |aws, regulations and agreenments. Technol ogy devel opnent in this area is in direct support of Chief of Naval
Operations (CNO) prioritized Navy user and Sci ence and Technol ogy (S&T) requirenents and will |lead to systens and processes
that will provide the Fleet with the capabilities for environmentally conpliant forward presence both ashore and afl oat.
Specific requirenments that support this area include: mnimzing the curtailnment of nmilitary operations due to ship, shore an
aircraft conpliance requirenments; and providing the capability to sustain Naval forces anywhere in a tinely and

envi ronnmental |y conpliant nmanner.

(Y Due to broad scope of efforts included in this Program El ement, the prograns described in the Acconplishnments and Pl ans
sections are representative selections of work included in this program el enent.

(Y The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(V) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a nmjor
devel oprment effort.

B. (U PROGRAM ACCOVPLI SHVENTS AND PLANS
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

1. (U FY 1996 ACCOWPLI SHVENTS:

| NI TI ATED:

e (U) Development of fully probabilistic reliability based design procedure. (Reliability Based Ship Structural
Desi gn Gui del i nes)

e (U Exploration of the nmulti-use capabilities (protection/signature reduction) of topside conposite arnor to
i ncrease survivability. (Protection System Design Cuidelines)

(U) CONTI NUED:

e (U Evaluation of structural alternatives for econonical installation of distributive systens nodul es.
(Affordable Metallic Ship Structural Systens)

e (U Evaluation of coupled finite-elenent/finite-difference analytic nmethods for predicting the response of
ship structures to weapons. (Protection System Design Gui delines)

(U) (%$3,696) SURFACE SHI P STRUCTURAL SYSTEMS:
(Y

(U ($15,000) CURVED PLATE TECHNOLOGY (Congr essional Add):

e (U Devel opnent, design, contruction and testing of full scale prototype equipnent essential to eval uating and
devel opi ng curved plate technol ogy for naval applications. (Affordable Metallic Ship Structural Systens)

(U) (%$5,673) SURFACE SH P POANER AND AUTOVATI ON:

(U | NITIATED:

e (U Devel opnent of integrated time-progressive flooding sensors and software. (Integrated Danage Control
System

(U CONTI NUED:

e (U Denonstration of feasibility of a contra-rotating scale nodel honopolar notor. (Electric Propul sion
Concept s)

e (U Denonstration of a single zone of the Advanced Concept Electrical System architecture and validate
simul ations. (Advanced Concept Electrical Systens)
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2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U Denonstration of diesel structural conponents fabricated fromnon-ferrous and conposite materials. (Power
Conver si on Systens)

(U Denonstration of high power density fuel cell with diesel desulfurization and reformer. (Power Conversion
Syst ens)

(U Denonstration of hull integrity fiber optic sensor. (Integrated Danmage Control System

COVPLETED:

(U Assessnent of fuel cells on non-conbatants. (Power Conversion Systens).

(U Conceptual design for a new fam |y of shock hardened air-circuit breakers. (Power Conversion Systens).

($4, 869) SURFACE SHI P SI GNATURE CONTROL:
CONTI NUED:

(U) Devel opnent of anal ytical techniques for prediction of the Radar Cross Section (RCS) due to 2nd and 3rd
order scattering phenonena such as cavities and surface traveling waves. (Topside Low Signature Concepts)

(U) Devel opnent of guidelines for ship topside shaping for Infrared (IR) signature control. (Topside Low
Si gnat ure Concept s)
(U) Devel opnent of advanced qui et rudder design concept. (Underwater Low Signature Concepts)

(U) Devel opnent of fluid system quieting techniques using active control technology. (Underwater Low
Si gnat ure Concept s)

(U) Devel opnent of inproved nmagnetic sensors to support advanced degaussi ng systens. (Underwater Low
Si gnat ure Concept s)
COVPLETED:

(U Transition of broadband hi gh-frequency enbedded antenna concept for the Advanced Encl osed Mast/ Sensor
System (PE 0603792N). (Topsi de Low Si gnature Concepts)

($1, 124) SURFACE SHI P MANEUVERI NG AND SEAKEEPI NG:
I NI TI ATED:
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PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Cooperative US and Net herl ands project on Propeller Tip Vortex Cavitation reduction. (Hydrodynam c
Anal yti cal Met hods)
CONTI NUED:

(U) Devel opnent of nmethods to predict the notions of damaged ships and ships in deep water. (Hydrodynam c
Anal yti cal Met hods)

($5,072) SUBMARI NE S| GNATURE CONTROL:
I NI TI ATED:

(U) Devel opnent of acoustic technol ogy to provide submarine hull structures with intrinsic acoustic
performance benefit. (Advanced Hull Concepts)

(U) Devel opnent of design tools to predict far-field acoustic signatures. (Signature Assessnent)

(U) Devel opnent of nethods for in-situ characterization and eval uati on of acoustic materials. (Acoustic
Mat eri al s)
CONTI NUED:

(U Denonstration of concept for control of electromagnetic signatures at depth. (Electronagnetic (EM
Si gnat ur e Reducti on)

(U Validation of analysis nodels for devel opnment of a | ow self-noise sonar bow dome and design of quarter-
scal e acoustically transparent donme. (Self Noise)

(U Denonstration of accurate, cost effective nethods for evaluating payl oad | auncher systens noise. (Payl oad
Launch Qui eti ng)
COVPLETED:

(U Feasibility assessment of acoustic hol ography inmagi ng technol ogy for evaluation of signature reduction
concepts. (Signature Assessnent)

(U Transition sensor technology for active control of machinery truss and rafts. (Acoustic Silencing)

(U Denonstration and validation of target strength sinmulation capability; transition design tool devel opnent
to the Hydrodynam cs/ Hydroacoustics Technol ogy Center. (Acoustic Silencing)
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(U (%$4,170) SUBVARI NE STRUCTURAL SYSTEMS:
(U | NITIATED:
e (U Devel opnment and eval uati on of machinery cradle concept for shock. (Machinery Truss Support System

e (U) Devel opnment of analysis nmethods to predict UNDEX behavior of multi-conpartment pressure hulls. (Hull
Shock Strength)

e (U) Devel opment of design nethods for layered nmulti-functional structural systens for |ow signature non-
pressure hull structures. (Low Signature Structures)
(U) CONTI NUED:

e (U Verification of dynam c response nodels of coatings subjected to shock |oading. (Shock Coatings)

e (U Devel opnent of integrated shock/acoustic equi pnent nount concepts for decks and machi nery support trusses.
(Equi prent  Shock)

e (U Denonstration and validation of nodels to assess dynanm c response of acoustically-coated structures
subj ected to shock | oads. (Hull Shock Strength)

e (U Devel opnent of failure nmodel criteria for steel pressure hulls under close-in shallow water UNDEX
(Shal | ow Wat er UNDEX)
(U COWPLETED:

e (U Devel opnent of new underwater expl osion pressure sensor technology and transitioned to Navy shock
community. (Hull Shock Strength)

(U ($5,340) SUBMARI NE PONER AND AUTOVATI ON:
(U) I NI TI ATED:

e (U Devel opnment of quiet environnentally safe, snall-device (payload) |auncher to support littoral operations
and environmental regulations. (Payload Launch)

e (U Devel opnent and denonstration of power nodul ati on and other technologies to actively control electric
notor noise. (Electric Drive)

e (U Evaluation of technol ogies to support quiet electrically powered actuation of steering and diving
functions. (Steering & Diving)
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(U) Devel opnent of adaptive magnetic bearings for increased bearing life and noise control. (Mchinery
Reliability)
CONTI NUED:

(U Verification of electric notor analysis tools in devel opnent of internediate-scal e pernanent nmagnet notor.
(Electric Drive)

(U Denonstration of quieting nultiple noise tonals in punps by magnetic bearings. (Mchinery Quieting)
COVPLETED:

(U) Devel opnent of sinulation nodels of advanced electric distribution system conponents for an electric
subrmarine. (Electric Power Distribution)

(U Evaluation of acoustic perfornmance of hypocyclic speed reducer in zone distributed hydraulic systens.
(Distributed Hydraulics)

($5, 406) SUBMARI NE MANEUVERI NG AND SEAKEEPI NG
I NI TI ATED:

(U Evaluation of physics-based maneuvering tools for prediction of submarine trajectory. (Mneuvering
Pr edi cti ons)

(U Concept devel opnment of control systens and appendages having inproved control authority and jam
resi stance. (Maneuvering Systens)
CONTI NUED:

(U Selection of technologies to provide for a | ow cost propul sor concept. (Low Cost Propul sor)

(U Eval uation of hydrodynam ¢ and hydroacoustic performance at small-scale of first generation full-
stern/integrated propul sor concept. (Full Stern/lIntegrated Propul sor)

(U Assessnent of maneuvering characteristics of first generation full stern concept for verification of
maneuvering anal ytical predictions. (Full Stern/lIntegrated Propul sor)

(U) Devel opnent of nodels to predict near-field downstream flow features fromhull feature inflow conditions.
(Wakes)
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(%9, 451) Power El ectronic Building Blocks (PEBB):
| NI TI ATED:

(U) Devel opnent of conputational testbed for advanced concept el ectrical systemsimulation. (Advanced Concept
El ectrical Systens)

(U) Devel opnent of second-generation denonstration nodules for formand function of PEBB. (Advanced Concept
El ectrical Systens)
COVPLETED:

(U) Devel opnent of first-generation denonstration nodules for function of PEBB. (Advanced Concept El ectrical
Syst ens)

($1, 916) | NTERACTI VE ELECTRONI C TECHNI CAL MANUALS:
(U Denonstration of weapons systens Interactive Electronic Technical Manuals for Enbedded Test Procedures.
(U Denonstration of weapons systens Interactive El ectronic Technical Manual for Advanced Mi ntenance.

FY 1997 PLAN:

($2,937) SURFACE SHI P STRUCTURAL SYSTEMS:

I NI TI ATE:

(U Initiate corrosion studies and producibility of advanced double hull structure using non-nagnetic
stainless steel. (Affordable Metallic Ship Structural Systemns)

CONTI NUE:

(U Denonstration of a nodel for reactive gas flow in non-burst conpartnents follow ng an expl osi on.
(Protection System Design CQuidelines)
COVPLETE:

(U Transition of probabilistic hull strength design nethod to Naval Sea Systens Conmand ( NAVSEA) .
(Affordable Metallic Ship Structural Systens)
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U Evaluation of |ow cost/high quality conposite hull structures for mne hunters and small conbatants.
(Affordabl e Conposite Ship Structural Systens)

(U) Devel opnent of anal ytically-based design tool to predict weapons |oading and structural response of hulls
to non-contact underwater explosions. (Protection System Design Guidelines)

(U Total ship design options for destroyer/cruiser survivability which account for passive hardeni ng and
equi pnent architectures. (Protection System Design Cuidelines)

($3,182) SURFACE SHI P POAER AND AUTOMATI ON:
CONTI NUE:

(U) Devel opnent of advanced danage control sensors to neasure flow rates of air and water. (Integrated Danage
Control Systens)

(U Denonstration of non-chemical acting alternative to HALON 1301 with zero ozone depl etion potenti al.
(I ntegrated Damage Control System
COVPLETE:

(U) Devel opnent of danmamge control algorithms that will predict vertical fire and snoke novenent. (Integrated
Damage Control Systens)

(U Denonstration of permanent magnet propul sion systemon a patrol craft. (Electric Propulsion Concepts).

($4, 406) SURFACE SHI P SI GNATURE CONTROL:
I NI TI ATE:

(U Initiate evaluation of high-performance ship hull concepts which neet |ow observable requirenents.
(Topsi de Low Si gnature Concepts)
CONTI NUE:

(U) Devel opnent of Radar Diffuse Surface (RDS) Concepts as alternatives to traditional Radar Absorbing
Material (RAM. (Topside Low Signature Concepts)

(U) Devel opment of exhaust air system quieting technique utilizing active control. (Underwater Low Signature
Concept s)
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

e (U) Devel opment of Low RCS and IR signature stack suppression system (Topside Low Signature Concepts)

e (U) Devel opment of performance prediction algorithms for IR coatings. (Topside Low Signature Concepts)

e (U) Devel opment of propeller quieting techniques for operating in littoral areas. (Underwater Low Signhature
Concept s)

(U COWPLETE:

e (U) Devel opment of electromagnetic (EM conpatibility analysis nodels and interference reduction techni ques
for ultra-w de band and wi de band radi o frequency systens. (EM Conpatibility Design Guidelines)

e (U Transition of advanced rudder design to NAVSEA for full-scale evaluation. (Underwater Low Signature
Concept s)

($1, 713) SURFACE SHI P MANEUVERI NG AND SEAKEEPI NG

CONTI NUE:

(U Conducting paranetric design studies on Tip Vortex Cavitation reducti on cooperative US/ Netherl ands
project. (Hydrodynanm c Anal ytical Methods)

(U) Devel opnent and assessnent of point design of a Vertical Axis Propulsor. (Innovative Hull Form and
Pr opul si on Concept s)

(U COWPLETE:

e (U Powering tests of Vertical Axis Propulsor. (Innovative Hull Form and Propul sion Concepts)

‘cc

($3,304) SUBMARI NE S| GNATURE CONTROL:
I NI TI ATE:
(U) Devel opnment of technology to predict in real-tinme far-field acoustic signature from on-board nmeasurenents.
(Signature Condition)
(U CONTI NUE:
e (U Select and analytically evaluate concepts to provide hull structures with intrinsic acoustic performance
benefit. (Advanced Hull Concepts)
e (U Devel opnent of design tools to predict far-field acoustic signatures. (Signature Assessnent)

‘cc
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

e (U Assessnent of in-situ nethods to characterize acoustic coatings. (Acoustic Materials)
e (U) Denonstration of proof-of-concept for control of far-field EM signatures. (EM Signature Reduction)

* (U) Fabrication and testing of quarter-scale acoustically transparent sonar bow done. (Self-noise)
(U COWPLETE:

e (U Transition nethods to eval uate payl oad | auncher system noise to NAVSEA. (Payload Launcher Quieting)

(U ($3,059) SUBMARI NE STRUCTURAL SYSTEME:
(U N TIATE

(U) Devel opnent of pressure hull concepts that incorporate features for acoustic advantage. (Hull
Modi fi cati ons)

e (U) Devel opment of advanced reconfigurable sail concepts. (Sail)
(U) CONTI NUE:

e (U) Devel opment of design nethods for layered nmulti-functional structural systens for |ow signature non-
pressure hull structures. (Low Signature Structures)

e (U) Devel opnment of machinery cradl e concept for shock. (Machinery Truss Support Systemnm
e (U) Devel opment of integrated shock/acoustic nount concepts for trusses and rafts. (Equi pment Shock)

e (U) Devel opment of nethods to predict UNDEX behavior of nulti-conmpartment pressure hulls. (Hull Shock
St rengt h)

(U Validate analysis capabilities to evaluate response of acoustically coated hull to shock |oading. (Hull
Shock Strength)

* (U Integration of criteria for failure nodels for steel pressure hulls under close-in shallow water UNDEX in
anal ysis tools. (Shallow Water UNDEX)
(U COWPLETE:

e (U Transition of capability to evaluate response of acoustically coated hull to shock |oading. (Hull Shock
Strengt h)

(U (%$2,937) SUBVARI NE POAER AND AUTOVATI ON:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U INTIATE
e (U) Devel opment of flow visualization technology and design tools for fluid systens. (Piping Systens)

e (U) Devel opment of technology to automate operator functions for non-propul sion related machi nery systens.
(Aut omat i on)
(U) CONTI NUE:

e (U Prototype devel opnent of environmentally safe small payl oad | auncher. (Launch Concepts)
e (U) Denobnstration of technol ogies for quieting of electric notor noise. (Electric Drive)

e (U) Evaluation of power and response tinme performance of electrically powered actuator technol ogies for
reduced cost and inproved reliability steering and diving systens. (Steering & Diving)

e (U) Devel opment of adaptive magnetic bearing for reduced mai ntenance. (Machinery Reliability)

e (U Verification of electric notor design and analysis tools. (Electric Drive)
(U COWPLETE:

e (U) Denonstrate broadband punp noi se quieting using magnetic bearings. (Machinery Quieting)

(U (%$2,937) SUBVARI NE MANEUVERI NG AND SEAKEEPI NG

(U INTIATE:

e (U) Devel opment of technology to predict propul sor side forces for maneuvering inpact. (Maneuvering Systens)
(U) CONTI NUE:

(U Select jamresistant maneuvering concepts for devel opnent. (Maneuvering Systens)

(U Radio controlled nodel experinmentation to validate physics-based nmaneuvering tools. (Maneuvering

Pr edi cti ons)

(U Denonstration of |ow cost propul sor concept feasibility in small-scale |aboratory experinents. (Low Cost
Pr opul sor)

e (U) Develop full-stern/integrated propul sor second generati on concept, based upon first generation design
performance. (Full Stern/Integrated Propul sor)
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Devel opnent of nodels to predict near-field downstreamflow features fromhull feature inflow conditions.
(Wakes)
COVPLETE:

(U Transition unsteady flow anal ysis for eval uati ng non-acoustic wake signatures to
Hydr odynam ¢/ Hydr oacousti ¢ Technol ogy Center. (\Wakes)

($8, 300) PEBB:
I NI TI ATE:

(U Evaluation of conputational testbed for advanced concept electrical systemsimulation. (Advanced Concept
El ectrical Systen)

CONTI NUE:

(U) Devel opment of second-generation denonstration PEBB nodul es for formand function. (Advanced Concept
El ectrical Systens)

(U) Devel opnent of conputational testbed for advanced concept electrical systemsimulation. (Advanced Concept
El ectrical Systens)
COVPLETE:

(U Proof of concept for first-generation PEBB denonstration nodules for function. (Advanced Concept
El ectrical Systens)

(U Transition of first-generati on PEBB nbdul es to PE 0603508N for technol ogy denonstrations. (Advanced
Concept El ectrical Systens)

($624) SMALL BUSI NESS | NNOVATI ON RESEARCH

(U Portion of extranural programreserved for Small Business Innovation Research assessnent in accordance
with 15 U. S. C 638.

($6, 000) PEBB TECHNOLOGY CONGRESSI ONAL PLUS- UP:
COVPLETE

Page 4-13 of 4-31 Pages Exhibit R-2

UNCLASSI FI ED



BUDGET ACTIVITY:

‘cc

JCCRMICE

‘cc

‘cc

3. (Y

UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U Conplete conmputational virtual design and analysis testbed for electrical systemsinulation within total
shi p system context. (Advanced Concept El ectrical Systens)

($1, 000) VI SI ON TECHNOLOGY (SHI P TECHNOLOGY AUTOMATED SYSTEMS MONI TORI NG) CONGRESSI ONAL PLUS- UP:
COVPLETE:

(U Incorporate state of the art video processing hardware and software into Interactive El ectronic Technical
Manual s (I ETM

($1, 000) NATURAL LANGUAGE PROCESSI NG ( COVPUTER BASED NMAI NTENANCE Al DS) CONGRESSI ONAL PLUS- UP:
COVPLETE:

(U Denonstrate the use of natural |anguage processing in | ETM

($5, 000) SURFACE SHI P COVPCSI TE MATERI AL CONGRESSI ONAL PLUS- UP:
COVPLETE:

(Ulnitiate testing on four half-scale conposite corvette md-ship sections.

($1, 000) POAER NODE CONTROL CENTERS CONGRESSI ONAL PLUS- UP:
COVPLETE:

(U) Devel opnent of power node control centers for advanced integrated distribution systemfault detection,
switching, reconfiguration, and control. (Advanced Concept El ectrical Systens)

($4, 000) LANDI NG SHI P/ CAUSEVWAY CONGRESSI ONAL PLUS- UP:
COVPLETE:

(U Devel op an ocean-goi ng, self-contained, self-deployable pierhead and causeway to shore for rapid cargo
del i very where permanent port facilities do not exist. (Landing Ship Quay/ Causeway)

FY 1998 PLAN:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) (%$3,877) SURFACE SHI P STRUCTURAL SYSTEMS:

(U INTIATE

e (U Devel opnent of advanced |ightweight structures. (Affordable Metallic Ship Structural Systens)

e (U) Devel opment of conposite secondary structure design guidelines. (Affordable Conposite Ship Structural
Syst ens)

(U) CONTI NUE:

e (U Denonstration and evaluation of failure prediction tool for conposite 3 ass Reinforced Plastic (GRP)
panels. (Affordable Conposite Structural Systens)

e (U Devel opnent of advanced double hull joint detail concepts using stainless steel. (Affordable Conposite
Structural Systens)

(U) COWPLETE:

e (U Nunerical analysis and experinental testing of conposite internal decks. (Affordable Conposite Ship

Structural Systens)

(U) Devel opnent of bal anced nmgazi ne protection concepts to significantly reduce probability of nass

detonation. (Protection System Design Gui delines)

(U) (%4, 200) SURFACE SH P PONER AND AUTQOVATI ON:

(U I NTIATE

e (U Devel opnment of advanced concepts in damage control/firefighting. (Integrated Damage Control Systens)

(U) CONTI NUE:

e (U Denonstrate detailed simulation of machinery plant control system (Advanced Concept Electrical Systen)

(U COVWPLETE:

e (U Transition of design guidelines for high power diesel-fed fuel cell to PE 0603508N. (Power GCeneration
Syst ens)

(U) ($5,815) SURFACE SHI P SI GNATURE CONTROL:

(U I NTIATE:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Devel opnent of Radio Frequency (RF)/IR prediction nodels for evolving threats. (Topside Low Signature
Concept s)

(U) Devel opnent of machinery silencing techniques. (Underwater Low Signature Concepts)
CONTI NUE:

(U Eval uation of high-performance ship hull concepts which neet | ow observabl e requirements. (Topside Low
Si gnat ure Concept s)

(U) Devel opnent of lightning protection systemconcepts for non-nmetallic structures. (EM Conpatibility Design
Gui del i nes)
COVPLETE:

(U) Devel opnment of Low RCS and IR signature stack suppression system (Topside Low Signature Concepts)
(U) Devel opment of performance prediction algorithns for IR coatings. (Topside Low Signature Concepts)

(U) Devel opnent of conposite structure integration concepts for conmunication sensors. (EM Conpatibility
Desi gn Gui del i nes)

($2,261) SURFACE SH P MANEUVERI NG & SEAKEEPI NG
CONTI NUE:

(U Conducting paranetric design studies on Tip Vortex Cavitation reduction cooperative US/ Netherl ands
project. (Hydrodynanmi c Anal ytical Methods)

(U) Devel opnent of inproved performance non-conventional hull forms. (lnnovative Hull Form and Propul sion
Concept s)
COVPLETE:

(U) Devel opnent and assessnent of point design of a Vertical Axis Propulsor. (Innovative Hull Form and
Pr opul si on Concept s)

($4, 361) SUBMARI NE S| GNATURE CONTROL:
CONTI NUE:
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2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Devel opnent of technology to predict in real-time the far-field acoustic signature from on-board
neasurenments. (Signature Condition)

(U Experinentally evaluate, at snmall-scale, concepts to provide hull structures with intrinsic acoustic
benefit. (Advanced Hull Concepts)

(U) Devel opnent of prototype |aser doppler vibronmeter technology to characterize acoustic coating in-situ.
(Acoustic Materials)

(U Denonstration of proof-of-concept for control of far-field EM signatures for deep and shallow water. (EM
Si gnat ure Reducti on)
COVPLETE:

(U Evaluation of acoustically transparent sonar bow donme concept and transition concept and design
net hodol ogy to NAVSEA. (Self Noi se)

($4, 038) SUBMARI NE STRUCTURAL SYSTEMS:
I NI TI ATE:

(U Verification of UNDEX prediction methods for nmulti-conpartment pressure-hulls using snmall-scal e nodels.
(Hul'I  Shock Strength)

(U) Devel opnent of elastoneric shutterway concept for reduced | auncher cost and mai ntenance. (Launch
Concept s)

(U) Devel opnent of hull concepts for increased shock strength. (Hull Shock Strength)
CONTI NUE:

(U) Devel opment of pressure hull concepts that incorporate features for acoustic advantage. (Hull
Modi fi cati ons)

(U) Devel opnent of concepts for advanced reconfigurable sails. (Sail)

(U Denonstrate at |arge-scale nmachinery cradle concepts for integrated shock and acoustic performance .
(Machi nery Truss Support Systemn)

(U) Devel opnent of algorithnms for integrated shock/acoustic nount concepts for trusses and rafts. (Equi prent
Shock)
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U Fabricate and test small-scale nodels to verify nethods to predict UNDEX behavi or of nmulti-conpart nment
pressure hulls. (Hull Shock Strength)
COVPLETE:

(U) Devel opnent and verification of design nethods for |ayered nulti-functional non-pressure hull structures.
(Low Signature Structures)

(U Verification of failure criteria for pressure hulls subject to close-in shallow water UNDEX and transition
to NAVSEA. (Shall ow Wat er UNDEX)

($3,877) SUBMARI NE PONER AND AUTOVATI ON:
I NI TI ATE:

(U Technol ogy assessnment and devel opnent of alternative enmergency power technol ogies. (Power Systens)
CONTI NUE:

(U Characterize manning function to support devel opment of technology to autonmate operator functions for non-
propul sion rel ated machinery. (Autonation)

(U) Devel opnent of flow visualization and design tools for fluid systens. (Piping Systens)

(U Evaluation of prototype environnmentally safe snmall payl oad | auncher to support littoral operations and
environnmental regulations. (Payload Launch)

(U Evaluation of power and response performance of candidate electrically powered actuator technol ogies for
reduced cost inproved reliability steering and diving systems. (Steering & Diving)

(U) Devel opnent of adaptive self-energized nagnetic bearings for reduced nmai ntenance. (Machinery Reliability)

(U) Devel opnent and verification of quiet electric notor analysis and design tools. (Electric Drive)
COVPLETE:

(U Conplete denonstration of electric notor quieting technologies and transition to Ship and Submari ne HV&RE
Advanced Technol ogy Program (Electric Drive)

($3,876) SUBMARI NE MANEUVERI NG AND SEAKEEPI NG
CONTI NUE:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U Validate bl ade concept for acoustic and powering performance. (Low Cost Propul sor)

(U Laboratory denonstrations of maneuvering concepts having inproved control authority and jamresistance
(Maneuvering Systens)

(U Assess powering and maneuvering performance of second generation full-stern concept. (Full
Stern/Integrated Propul sor)

COVPLETE:

(U) Devel opnent of nodels to predict near-field downstream flow features fromhull feature inflow conditions
and transition to Hydrodynam cs/ Hydroacoustics Technol ogy Center. (Wakes)

(U Validate propul sor side force technology and transition to Hydrodynam c/Hydroacoustic Technol ogy Center.
(Maneuvering Concepts)

(U Radio controlled nodel tests to validate physics-based maneuvering tools and transition tools to

Hydr odynam cs/ Hydr oacoustics Technol ogy Center. (Maneuvering Systens)

($6, 000) PEBB:

I NI TI ATE:

(U) Devel opment of third generati on PEBB denonstration nodules for form fit, and function. (Advanced Concept
El ectrical Systens)

CONTI NUE:

(U Eval uation of second-generation PEBB denonstrati on nodules for formand function. (Advanced Concept
El ectrical Systens)

COVPLETE:

(U Proof of concept for second-generati on PEBB denmponstration nodules for formand function. (Advanced
Concept El ectrical Systens)

(U Denonstration of conputational testbed for advanced concept electrical systemsinulation. (Advanced
Concept El ectrical Systens)

(U Transition of second-generation PEBB nodul es to PE 0603508N for Technol ogy Denonstrations. (Advanced
Concept El ectrical Systens)
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U ($8,554) LOG STI CS AND ENVI RONVENTAL QUALI TY TECHNOLOGY:
(U N TIATE

e (U Devel opnent of mcrowave plasnma generation technol ogy of atom c oxygen for shipboard waste treatnent
syst ens.

e (U Devel opnent of |ow surface energy, non-fouling nmenbranes for shipboard wastewater treatnment systens.
e (U) Devel opment of process controllers for shipboard waste treatnment systens.

e (U) Developnment of a reliable, automated pressure boosting nechani smfor extending the punping range of ship-
to-shore transfer of fuels and other |iquids.

e (U) Devel opment of m crowave assisted paint renoval technology fromaircraft conposite parts and systens.
e (U) Devel opmrent of neasurenent and di agnostics capability to support energi ng and advanced technol ogi es

e (U) Devel opment of structural rope nechanics.
(U) CONTI NUE:

e (U) Devel opmrent of enhanced copper speciation and fate methodol ogy for marine environments.

* (U Rapidly Installed Breakwater (RIB) Systemto provide for sheltered areas for the transfer of cargo from
ships to lighters.

e (U) Devel opment of sensors and prognostics for real-tine status nmonitoring for conbat system hi gh power
m crowave tubes.

e (U) Devel opment of an array of netal oxide-based gas sensor el enents capable of distinguishing different gases
in a gas mxture

Devel opnent of open-sea connectors and rigging systens for high sea state pontoon and causeway systens.
At -sea tests correlating subbottom engi neering soil properties with acoustic em ssions surveys.

El ect ochemical pre/post treatnent technol ogy devel opnent of ship |iquid wastes.

Devel opnent of supercritical fluid technol ogy for advanced treatnment of ship bil gewater.

Devel opnent of automated dry dock paint application, overspray control and collection technol ogi es.

ccccce
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2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Devel opnent of decontam nation cleaning of surfaces technol ogy for PCBs and ot her toxic substances.
(U) Devel opnent of environmentally sound substitue steam catapult |ubricant.
(U) Devel opnent of advanced Indutrial Wastewater Treatnment Plant (IWP) technol ogies for pollution prevention

(U Enhancenent of crane control technologies resulting in reduced manpower and increased equi prment
per f or mance.

(U) Devel opnent of infrared i magi ng systemtest equi prent and calibration methods to support Navy infrared
surveill ance systens.

(U) Devel opnent of prognostics for real-tinme status nonitoring and troubl eshooting for high-power m crowave
tubes in conbat systens.

(U) Devel opnent of pier lateral stability.

(U) Devel opnent of collaborative infrastructure assessnment tool
(U) Devel opnment of el ectroset desktop manufacturing of parts.
(U) Devel opnent of vertical |aunch system rearm ng mechani sm

(U) Devel opnent of high power mcrowave built-in test set.
COVPLETE:

(U Fuel additive formulation for NOXx reduction in gas turbine and diesel engines; transition to NAVSEA, PE
0603721N for inplenentati on and comerci al i zai t on.

(U) Devel op and denonstrate generic repair and inspection processes for engi ne conposite applications.

(U) Devel op and denonstrate a programrmabl e objective mninumresol vable tenperature difference (MRTD) test set
to support Navy IR surveillance systens.

(U Probability technique to assess the stability of |ow freeboard pontoon systens in open seas for efficient
cargo | ayout and | oadi ng.

(U Inprove the capability for the selection, procurenent, and application of replaceable electronic or
mechani cal conponents.
FY 1999 PLAN
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) ($3,993) SURFACE SHI P STRUCTURAL SYSTEMS:

(U |INTIATE

e (U Devel opnment of fitness for service based structural maintenance guidelines. (Reliability Based Design
Gui del i nes)

e (U Devel opnent of prediction nethods for conposite structure response to underwater explosions. (Protection
Syst em Desi gn Cui del i nes)

(U) CONTI NUE:

e (U Devel opnent of advanced |ightweight structures. (Affordable Metallic Ship Structural Systemns)

(U COVWPLETE:

e (U Inproved design criteria and analysis tools for conposite primary hulls. (Affordable Conposite Ship
Structures)

e (U Devel opnent of advanced double hull joint detail concepts using stainless steel. (Affordable Metallic
Ship Structural Systens)

(U) (%4, 326) SURFACE SH P PONER AND AUTOVATI ON:

(U) CONTI NUE:

e (U Devel opnent of advanced concepts in damage control/firefighting. (Integrated Damage Control Systens)
(U COVPLETE:

(U) Devel opnent of advanced danage control sensors to nmeasure flow rates of air and water. (Integrated Danage
Control Systens)

(U Denonstration of non-chemical acting alternative to HALON 1301 with zero ozone depl etion potenti al.

(I ntegrated Damage Control System

(U ($5,990) SURFACE SHI P S| GNATURE CONTROL:
(U I N TIATE:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

e (U) Devel opnment of virtual EM environnment nodeling and visualization capability. (EM Conpatibility Design
Gui del i nes)
(U) CONTI NUE:

(U Devel opnent of RF/IR prediction nodels for evolving threats. (Topside Low Signature Concepts)
(U) Devel opnent of machinery silencing techniques. (Underwater Low Signature Concepts)

(%2, 329) SURFACE SH P MANEUVERI NG & SEAKEEPI NG

I NI TI ATE:

(U) Devel opnent of anal ytic nethods for prediction of ship maneuvers. (Hydrodynam ¢ Anal ytical Methods)
CONTI NUE:

(U Conducting paranetric design studies on Tip Vortex Cavitation reducti on cooperative US/ Netherl ands
project. (Hydrodynanm c Anal ytical Methods)

COVPLETE:

(U) Devel opnent of nmethods to predict the notions of damaged ships and ships in deep water. (Hydrodynam c
Anal ytical Methods)

*c'cc

(

‘e

(U) (9%$4,492) SUBVARI NE SI GNATURE CONTROL:

(U INTIATE

e (U Devel opnent of coating concepts to reduce submarine detection fromactive acoustic interrogation. (Hull
Coat i ngs)

(U CONTI NUE

e (U Assess first generation experinmental results and revise concept and anal ysis nmethods for hull structural
concepts with intrinsic acoustic benefit. (Advanced Hull Concepts)

e (U Denonstration of proof-of-concept for control of near-field el ectromagnetic signatures for shallow water.
(EM Si gnat ure Reducti on)
(U COWPLETE:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U) Devel opnent of technology to predict far-field acoustic signature in real-tine fromon-board neasurenents
and transition to NAVSEA. (Signature Condition)

(U) Devel opnent of prototype | aser Doppler vibroneter technology to characterize acoustic naterials and
transition to NAVSEA. (Acoustic Materials)

($4, 160) SUBMARI NE STRUCTURAL SYSTEMS:
I NI TI ATE:

(U) Devel opnent of |ow acoustic signature stern non-pressure hull concept. (Low Signature Structures)

(U) Devel opnent of shock design and anal ysis methods for water backed non-pressure hull structures. (External
Syst ens)
CONTI NUE:

(U Construct prototype elastoneric shutterway concept. (Launcher Concepts)

(U) Devel opment of pressure hull concepts that incorporate features for acoustic advantage. (Hull
Modi fi cati ons)

(U) Devel opment of concepts for advanced reconfigurable sails. (Sail)

(U) Devel opnent of hull concepts for increased shock strength. (Hull Shock)
COVPLETE:

(U Denonstration of machinery cradle concepts and transition to Ship and Submari ne HVRE Advanced Technol ogy
Program (Machi nery Truss Support Systen)

(U Verification of analysis and design tools for equipnment truss support structures and transition to NAVSEA.
(Machi nery Truss Support System

(U Denonstrate integrated shock/acoustic mounts and transition to NAVSEA. (Equi prent Shock)

(U Verification of analysis nmethods to predict UNDEX for nulti-conpartnment pressure hulls and transition to
NAVSEA. (Hull Shock Strength)

($3,993) SUBMARI NE PONER AND AUTOVATI ON:
I NI TI ATE:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

. (U) Devel opnent of prototype automated system for reduced manni ng demand. (Aut omati on)
(U) CONTI NUE:

e (U Technol ogy assessnment and devel opnent of alternative enmergency power technol ogies. (Power Systens)
* (U Verification of design tools for fluid systems. (Piping Systens)

e (U) Down select and continue devel opnment of nost prom sing electrically powered actuator technol ogies for
reduced cost inproved reliability steering and diving systenms. (Steering & Diving)

(U) COWPLETE:

e (U Validation of analysis and design tools for quiet electric notors and transition to NAVSEA. (El ectric
Drive)

e (U Transition adaptive sel f-energi zed magnetic bearing technol ogy to NAVSEA and Ship and Submari ne HVEE
Advanced Technol ogy Program (Machinery Reliability and El ectric Drive)

e (U Denobnstrate and transition environnentally safe small payl oad | auncher. (Launcher Concepts)

(U (%$3,994) SUBVARI NE MANEUVERI NG AND SEAKEEPI NG

(U INTIATE

e (U Devel opnent of maneuvering effectors having increased control authority at |ow speeds. (Maneuvering
Syst ens)

(U CONTI NUE:

(U Denonstration of jamresistant maneuvering concepts using radio controlled nodel tests. (Maneuvering
Syst ens)

(U Evaluation of acoustic and powering performance for | ow cost concept. (Low Cost Propul sor Concept)

e (U Devel opnent and validation of design and analysis for full-stern concepts from second generation
experinmental data. (Full-Stern/Integrated Propul sor)

($6, 000) PEBB:
I NI TI ATE:

(U Devel opnment of advanced PEBB denonstration nodul es. (Advanced Concept Electrical Systens)

‘cc

Page 4-25 of 4-31 Pages Exhibit R-2

UNCLASSI FI ED



UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIVITY: 2 PROGRAM ELEMENT:  0602121N
PROGRAM ELEMENT TI TLE: SURFACE SHI P TECHNOLOGY
(U CONTI NUE:

e (U) Evaluation of third-generation denonstration nodules for form fit, and function of PEBB. (Advanced
Concept El ectrical Systens)
(U) COWPLETE:

e (U Proof of concept for third-generation denonstration nodules for form fit, and function of PEBB.
(Advanced Concept El ectrical Systens)

e (U Transition of third-generati on PEBB nbdul es to PE 0603508N for technol ogy denonstration. (Advanced
Concept El ectrical Systens)

($8,076) LOA STI CS AND ENVI RONVENTAL QUALI TY TECHNOLOGY!
I NI TI ATE:

(U) Shi pboard medi cal waste processing technol ogy.

(U) Devel opnent of thernosynthesis technology for re-use of hazardous wastes.
(Y

(Y

‘cc

Devel opnent of non-polluting ship |ubricants.
Devel opment of concurrent engi neering techni ques.
e (U) Devel opment of dynam c inpedance conputer tonography for nechani cal diagnostics

e (U) Devel opment of pier |ateral response analytical nodel incorporating soil-structure interactions of buried
bearing piles, batter piles and fender filing to assess |lateral resistance.

e (U Subrmarine solid waste processi ng and managenent technol ogy devel opnent.
e (U Subrmarine liquid waste treatnent and nmanagenent technol ogy devel opnent.
* (U Shipboard pollution prevention technol ogy devel opnent.

* (U CASE tool for enbedded di agnostics of ship systens.

e (U) Devel opnment of m cro-computer based technol ogies for the rapid manufacture of highly val uable system
conponent s.
(U) CONTI NUE:

* (U Mcrowave assisted paint renoval .
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

e (U) Shipboard waste treatnment systemcontroller technol ogy devel opnent.
* (U Advanced non-fouling nenbrane technol ogy.
* (U Mcrowave plasma technol ogy for atom c oxygen generati on.

e (U) Devel opment of analytical three-di nensional nodel to inprove predictions of the hydrodynm c forces
associated with a berthing ship.

e (U) Devel opment of signal processing techniques of notor current signature analysis to diagnose fault
condi ti ons based on the nechani cal work perforned.

e (U) Developrment of infrared i magi ng systemtest equi prment and calibration methods to support Navy infrared
surveill ance systens.

e (U) Devel opment of prognostics for real-tine status nonitoring and troubl esooting for high-power m crowave
tubes in conbat systens.

e (U) Development of pier lateral stability.
e (U) Devel opment of collaborative infrastructure assessnent t ool

e (U) Devel opment of structural rope nechanics.
(U) COWPLETE:

e (U) Devel opmrent of enhanced net hodol ogy and definition for copper speciation and fate in sedi nent systerns;
transition to Naval Facilities Engi neering Command ( NAVFAC), PE 0603721N, for inplenentation

* (U) Electrochem cal pre/post treatment technol ogy devel opment of ship liquid wastes; transition to Advanced
Technol ogy Program PE 0603712N, for shipboard denonstration.

e (U) Devel opment of sensors and prognostics for real-tine status nmonitoring for conbat system hi gh power
nm crowave tubes.

e (U) Devel opment of an array of netal oxide-based gas sensor el enents capabl e of distinguishing different gases
in a gas mxture

* (U Transition of air nobile, conpact, |ightweight Anphibious Assault Fuel Systens for ship-to-shore fue
transfer capability.
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

e (U) Devel opment of supercritical fluid technology for bilgewater treatnent; transition to PE 0603712N for
t echnol ogy denonstrati on.

e (U Devel opnent of dry dock paint application and overspray control and collection technologies; transition to
PE 0603712N for integration and denpnstration.

e (U Devel opnment of surface cleaning/ decontam nati on technol ogies for PCBs and other toxics; transition to
NAVFAC/ NAVSEA PE 0603721N for advanced devel opnent and inpl enentati on.

e (U Devel opnent of environnentally sound substitue steamcatapult lubricant; transition to NAVAIR (PMA 251)
for advanced devel opment and i npl enentation
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N

B.

PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY
(U PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President s Budget: 60, 923 35,591 41, 591 48, 563
(U Adjustnents from FY97 PRESBUD: +794 +15, 808 +5, 268 -1, 210
(U FY 1998/1999 PRESBUDG s Submi ssi on: 61, 717 51, 399 46, 859 47, 353

(U  CHANGE SUMVARY EXPLANATI ON:

(U  Funding: FY 1996 adjustnents reflect Jordanian F-16 financing rescission (-$70), SBIR adjustnent (-$633) and
changes in requirenments (+$1,497). FY 1997 changes refl ect Congressional Undistributed Reductions (-%$2,192) and
Congressi onal Adds for the follow ng: PEBB (+$6,000), Vision Technol ogy (+$1, 000), Natural Language Processing

(+%$1, 000), Surface Ship Conposite Material (+$5,000), Power Node Control Centers (+$1,000) and Landi ng Shi p/ Causeway
(+%$4,000). FY 1998 adjustnents are as follows: changes in S&T programrequirenents (-%$1,699), Navy Working Capital
Fund (NWCF) and minor adjustnents (-%$2,268), PE realignnment from PE 0602233N (+$9,288), Inflation (-$120) and Mlitary
and Cvilian Pay Rates (+$67). FY 1999 adjustnents are as follows: changes in S&T programrequirenents (-%$10,741),
NWCF and mi nor adjustnments (-$363), PE realignnent from PE 0602233N (+$9,985), Inflation (-$177) and Mlitary and
Civilian Pay Rates (+$86).

(U  Schedul e: Not applicable.
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997
BUDGET ACTIMITY: 2 PROGRAM ELEMENT:  0602121N
PROGRAM ELEMENT TI TLE: SURFACE SHI P TECHNOLOGY
(U Technical: Increase to FY 1997 directly supports several Congressional Adds to include PEBB, Vision Technol ogy,

Nat ural Language Processing, Surface Ship Conposite Material, Power Node Control Centers and Landi ng Ship/ Causeway. Starting
in fiscal year 1998 Logistics and Environnmental Quality efforts are realigned into this PE

C. (U OTHER PROGRAM FUNDI NG SUMMVARY:
(U OTHER APPROPRI ATION FUNDS: Not appl i cabl e.

RELATED RDT&E:

<

PE 0601153N (Defense Research Sciences)

PE 0602131M (Marine Corps Landi ng Force Technol ogy)

PE 0602233N (Readi ness, Trai ning and Environmental Quality Technol ogy)
PE 0602234N (Materials, Electronics, and Conputer Technol ogy)

PE 0602314N (Undersea Warfare Surveillance Technol ogy)

PE 0602315N (M ne Counterneasures, M ning and Special Warfare Technol ogy)
PE 0603502N (Surface and Shal |l ow Water MCM

PE 0603508N (Ship and Subrmari ne HWRE Advanced Technol ogy)

PE 0603513N ( Shi pboard Syst em Conponent Devel opment)

PE 0603514N (Personnel /Ship Survivability)

PE 0603553N (Surface Anti-Submarine Warfare)

PE 0603561N (Advanced Submarine Systens Devel opnment)

PE 0603563N (Ship Concept Advanced Desi gn)

PE 0603564N (Ship Prelimnary Design and Feasibility Studies)

PE 0603569E ( ARPA S&T Program

PE 0603573N (Advanced Surface Machi nery Systens)

PE 0603712N (Environnental Quality & Logistics Advanced Technol ogy

PE 0603721N (Environnental Protection)

PE 0603726N (Merchant Ship Naval Augnentation Programn

cccccccccccccccccee
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602121N
PROGRAM ELEMENT Tl TLE: SURFACE SHI P TECHNOLOGY

(U PE 0603792N (Advanced Technol ogy Transition)

(U PE 0604558N (New Desi gn SSN Devel opnent)

(U PE 0604561N (SSN-21 Devel opnent Progran)

(U Under the Tri-Service Reliance Agreenent, the Navy has the |lead for this Navy-uni que program
D. (U SCHEDULE PROFI LE: Not applicable.
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TITLE: Aircraft Technol ogy

(U COsT: (Dollars in Thousands)

PRQIECT
NUMBER  FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MVATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

Ai rcraft Technol ogy
28,672 23, 750 23,590 22, 860 23, 418 23,922 24,418 24,943 CONT. CONT

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  Thi s program devel ops technol ogy for naval aviation
with enphasis on the demands inposed by aircraft carrier flight operations and Marine Corps anphi bious and field
operations relating to the Joint Mssion Areas of Joint Strike and Joint Littoral Warfare. This programexploits
the energi ng technol ogies of: (a) conposite and matrix materials for structures to reduce airframe and propul sion
pl ant wei ght and the effects of saltwater corrosion; (b) reduced observables, (c) aerodynanic designs of Navy-

uni que aircraft conponents; (d) advanced gas turbine engine conponent designs for extended range/endurance; and
(e) predicting safer, nore reliable at-sea operating envel opes. The program provi des nission area anal ysis and
concept definition required for the Applied Research phase of air vehicle prograns.

(U Aircraft Technol ogy devel ops the manned airborne platformfuture joint warfighting capabilities to
pronptly engage regional forces in decisive conbat on a global basis and to enploy a range of capabilities nore
suitable to actions at the lower end of the full range of mlitary operations, which allow achievenent of mlitary
obj ectives with mininmum casualties and col |l ateral danmage. This el enment adheres to Tri-Service Reliance Agreenents
and supports the Department of Defense Science and Technol ogy Strategy, which coordinates and mnim zes
duplication of aircraft technology efforts. The individual Navy aircraft technol ogy exploratory efforts are
selected to fill technology gaps that are in the United States Air Force, Army, National Aeronautics and Space
Adm ni stration, Defense Advanced Research Projects Agency and industry prograns, which if successfully
denonstrated, would neet Navy avi ation needs.

(U Aircraft Technol ogy addresses the Air Platforns Defense Technol ogy Area Pl an (DTAP), which devel ops goals
and payoffs fromboth the operational user’s and system & technol ogy devel oper’s perspective. At the Project
Reliance Joint Director of Laboratories (JDL) airframe fixed wi ng component taxonony |evel, goals include
Aerodynami cs, Flight Control, Subsystens, Structures and Integration technol ogies.

The following reflects the Joint Subarea Level goals for fighter/attack aircraft for the year 2003 (baseline
F-22 & F-18E/F), incorporating technol ogy integration: 20%reduction in production cost; 20% reduction in
devel opnent costs; 20%reduction in support costs; 10%increase in lift-to-drag; 20%reduction in weight fraction
10% increase in longitudinal agility and 10%increase in lateral directional agility.
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BUDGET ACTIMITY: 2 PROGRAM ELEMENT: 0602122N
PROGRAM ELEMENT TITLE: Aircraft Technol ogy

(U Aircraft Technol ogy al so addresses the Rotary Wng Vehicle (RW). At the Project Reliance JDL rotary
wi ng conponent taxonony |evel, goals include Aeronechanics, Flight Control, Subsystens and Structures. The
following reflects the joint Subarea Level goals for cargo rotary wing air vehicles for the year 2000 (baseline V-
22 & UH60): 13%reduction in structural weight/Hover-Qut-of-Gound Effect weight ratio; 9% increase in rotorcraft
maxi mum lift/drag ratio; 10% reduction in developnent tine; 13%reduction in procurenment cost/pound structural
wei ght; 25% reduction in maintenance costs/flight hour/installed shaft horsepower; 25%reduced vulnerability to
t hreats.

(U Oher Joint Subarea Level quantified goals are addressed under the Air Platfornms DTAP: Aeropropul sion
(by year 2003; baseline engine FY 119 for fighter/attack aircraft, T700/T406 for patrol/transport/rotary w ng
aircraft, and F107 for m ssiles/Unmanned Air Vehicles (UAVs)): 100% i ncrease in thrust-to-weight, 35%reduction in
acqui sition & maintenance cost, 40%reduction in fuel consunption, and 120% i ncrease in specific thrust. Aircraft
Power (by year 2000; baseline F-18E/ F & F-22): Elimnate hydraulic system 10 times increase in reliability;
ot her DTAPs addressed by Aircraft Technology: |Integrated PlatformEl ectronics (by year 2005): Reduce size,
wei ght and cooling requirenments by 50% for Fixed Wng Vehicle (FW) and 40% for RW/; and 50%reduction in cost for
nmul ti function Radi o Frequency (RF) avionics. Human Systens (by year 2001; baseline F-18E/F & F-22): Achieve crew
safe escape to 700 KEAS; 50% reduction in aircrew workload attributable to effective crew station integration,
enabling single-seat, air-to-ground precision weapons delivery at night and in adverse weather; |nprove nission
ef fectiveness (50% reduction in target acquisition tine); Inprove lethality (3:1 increase in targets killed per
pass); Increase survivability (2:1 inprovenent in kill ratio); Enhanced situational awareness (75%  reduction of
head-in cockpit tine).

(U Due to the sheer volune of efforts included in this ProgramEl enent (PE), the prograns described in the
Acconpl i shment/ Pl ans sections are representative selections of the work included in thisPE.
(U  The Navy Science and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance
the affordability of warfighting systens.
(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted w thin the APPLI ED RESEARCH Budget Activity
because it investigates technol ogi cal advances with possible applications toward solution of specific Naval
probl ens, short of a mmjor devel opnent effort.

(U) PROGRAM ACCOWPLI SHVENTS AND PLANS:
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BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602122N

1.

PROGRAM ELEMENT TITLE: Aircraft Technol ogy

(U FY 1996 ACCOWPLI SHVENTS:

(U) (%6, 250) PROPULSI ON:

(U Initiated:

- (U Devel opnent of noderate bypass ratio fan to neet Phase |1l goals.

- (U Design of a reduced part count Phase |Il advanced conbustor with an integral fuel

nozzl e/ di f fuser concept which will reduce costs and wei ght by 20%

- (U Devel opnent of a reduced parts, sinplistic design engine fuel netering systemthat wll
reduce shi pboard mai nt enance and reduce engi ne wei ght by 50 pounds.

(U Continued to:

- (U Test the Phase Il forward swept Joint Technol ogy Denpnstrator fan in arig facility. The fan
will elimnate a fan stage to inprove logistics of parts supply. It will increase efficiency by 4%
as conpared to the F414 fan.

- (U Fabricate high pressure turbine rotor systemw th a dual alloy disk. The design will provide

turbine tenperature capability inprovenent of 600F, cooling flow reduction of 35% and wei ght
reduction of 10%

- (U Rgtest afull set of first stage, vanel ess, counterrotating, |ow pressure turbine bl ades,
yielding a reduction in weight and cooling requirenents over current technol ogy.

(U Conpl et ed:

- (U Fabrication and test of a full set of first-stage, vaneless, counterrotating | ow pressure
turbi ne bl ades, yielding a reduction in weight and cooling requirenments over current technol ogy.

- (U Rgtest and final design of fan, | ow pressure turbine, augnentor and controls conponents in
preparation for 1997 Integrated Hi gh Performance Turbine Engi ne Technol ogy (I HPTET) Phase |1
denonstrati on.

- (U Testing of a turbine blade and vane in an advanced gas generator. A 600 F increase in
turbine inlet tenperature will be denponstrated. The fabrication utilized advanced manufacturing
techni ques that reduced costs by 20% The turbine systemw ||l provide increased capability for Navy
Patrol / Transport aircraft applications.

- (U Rgtesting of a subsonic core conpressor that reduces parts count by 50% and i nproves
efficiency by 4% or 40nmrange i nprovenent (for a fighter/attack aircraft).

(U ($7,410) Air Vehicle:
(U Continued to:
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PROGRAM ELEMENT TITLE: Aircraft Technol ogy

- (U) Develop conposite | ow cost integral stiffener concept with inproved |oad carrying capability
This technology will contribute toward a 35% reduced fabrication cost, a 15%reduction in weight and
a 25%increase in fatigue life.

- (U Denobnstrate Voice Recognition & Synthesis and hel net-nounted displ ay/ head tracker technol ogy
integration. Full-mssion flight simulators will be used to validate the performance benefits. This
effort is toward both a 10 to 1 inprovenent in lethality ratio and a 50% i nmprovenent in first pass
target acquisition.

- (U Denobnstrate nulti-function progranmabl e di splay pad designs, including high definition
technol ogy flat panel displays which could lead to a 10% reduction in acquisition costs.

- (U Denobnstrate through lab testing, sensor, display, avionics architecture, and inage processing
integration, the Cyborg Eye concept of pilot visual/display system enhancenment toward a 40%
reduction in aircraft night bad weather attrition

- (U Devel op new t hermal managenent approaches to economnically cool next generation avionics.

- (U Devel op radar cross section (RCS) benchmark nmeasurenents for use in validation of RCS

anal ysi s net hods.

- (U Denonstrate/validate repair technology on advanced conposite structures. Restoration of
conposite electrical properties was validated.

- (U Design a conceptual advanced thernmal energy managenent system Study showed that significant
i mprovenents in air vehicle survivability are achievabl e.

- (U Design and test a conformal Very High Frequency/Utra H gh Frequency (VHF/ UHF) antenna
radone.

- (U Functionally denpbnstrate an Intelligent Vehicle Managenent System using a man-in-the-|oop
simulation for vehicle diagnostics, nediation, and pilot aiding in response to aircraft damage and
subsystem fail ures.

(U) Conpl et ed:

- (U Testing and eval uation of a danped conposite aircraft centerbody structure, started in FY91,
to denonstrate vibration and dynanic effects alleviation. The life tinme and safety margin of this
structure increased. This contributes toward an objective of 25% increase in fatigue l|ife.

- (U Denonstration of the ability to perform post repair, non-destructive inspection of aircraft
conposite structures that would be suitable for use aboard aircraft carriers

- (U Fabrication of the Power Managenent & Distribution for a More Electric Aircraft (MADVEL)

t echnol ogy denonstrator (three-channel operation)in coordination with U S. Air Force Wight Lab.

- (U) Design feasibility testing & docunentation of prototype self-regulating cartridges for
advanced escape systens to support the Human Systens |Interface goal of providing safe escape to 700
knots equival ent airspeed by FY-2000.
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- (U Hardware fabrication and testing of the switched reluctance External Starter/Cenerator.

- (U Hardware fabrication and testing of the Integrated Power Unit (IPU), including the nmagnetic
bearing test rig and high speed/high tenperature switched reluctance starter/generator. This
supports the Propul sion and Power FY-2000 goal of reducing engine bleed air requirenments by 50%

(U) (%$8,660) DYNAM CS OF FLI GHT:

(U Initiated:

- U Devel opment and denonstration of advanced outer loop flight control algorithns to
substantially inprove the mssion effectiveness, survivability, and lethality for both current and
future Naval aircraft.

- (U Devel opnent of cost sensitivity and Life Cycle cost prediction nodels for system|evel
conponent integration in maritinme aircraft.

- (U Design a Vectored Thrust Ducted Propeller Concept.

(U Continued to:

- (U Develop and evaluate control laws to assist the pilot in outer-1loop control functions to
reduce control rel ated accidents.

- (U Denonstrate an inproved version of the Learning Augnented Flight Control systemfor pitch
control of a high fidelity sinulation, which addresses the objective of reducing devel opnent costs
by 20%

(U) Conpl et ed:

- (U Application of artificial intelligence techniques for evaluating aircraft handling qualities,
which contributes to the objective of reducing flight control system devel opnent costs by 20%

- (U Testing of advanced external weapon carriage concepts. Quantitative assessnents of
aerodynam ¢ and survivability characteristics of weapon carriage concepts were obtai ned.

- (U Wnd tunnel evaluation of advanced air vehicle control concepts. Test data provides a unique
dat abase for use in flight control efficiency evaluations insupport of the FY-2000 objective of
reduci ng flight control devel opnent costs by 20%

- (U Denpbnstration of the On-board Expert Diagnostic Systemreal -tinme, hardware-in-the-loop with a
subset of flight control hardware, including diagnhostic failures in the operational F/A-18 flight
control conputers, aileron actuators, rudder actuators, air data system and related interfaces

(U) ($1,102) SEABASED Al RCRAFT ADVANCED SUPPORT:
(U Continued to:
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- (U) Develop Renote Light Direction and Rangi ng (LI DAR) Sensor for measuring turbulent wind flow
fields.

(U) Conpl et ed:
- (U Devel opnent of a vortex-wake rotor aeronechanical analysis code to contribute to inproved
shi pboard handling qualities.

* (U (%5,250) OXIDE PURPLE:
- (U dassified.

2. (U FY 1997 PLAN
* (U (%6,500) PROPULSI ON & PONER
(U Initiate:
- (U Devel opnent of Phase |1l turbine conponents for integration into an 6.3 Advanced Turbi ne
Engi ne Gas Generator denonstrator.
- (U Fabrication of the internal starter/generator denonstrator which contributes to neeting the
sea- based support objective of reducing peculiar support equi prment vol une by 10% by FY-2000.

(U Continue to:

- (U Design Phase Ill Joint Technol ogy Denonstrator Engine (JTDE) fan, when integrated into the
6.3 JTDE wi || double current Thrust-to-Wight capability.

- (U Design the Phase |IIl Advanced Gas Cenerator/JTDE conbustor.

- (U Design advanced corrosion resistant mechanical conponents to reduce dynam ¢ seal |eakage and
i ncrease rotor speed capability to reduce fuel consunption and neet Phase |IlIl goals.

- (U Evaluate advanced el ectrical concepts/architectures to reduce system wei ght, volume and cost
for future naval aircraft.

(U Conpl ete:

- (U Design for Phase |Il JTDE conbustor.

- (U Design of electronic engine control systemwith Wight Lab. The systemdesignwill utilize
ruggedi zed optic connectors and conbine optics and el ectronics on one chip to nnimze size and

wei ght .

- (U Fabrication, assenbly andinitial testing, in a 6.3 denonstrator engine, of additional |HPTET
Phase Il advanced fan, conpressor, conbustor, high/low turbine, augnentor, bearings, and controls
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technol ogies. This will be transferred to the 6.3 engine denonstration of 60% i nprovement on
thrust/wei ght and 30% reduction in fuel consunption over a YF-119 engi ne.

- (U Systemlevel testing of the MADMEL denonstrator and identify potential flight test
conponents. This effort supports the objective of elimnating the aircraft hydraulic system by FY-
2000.

- U Delivery of an electrically driven |PU denonstrator to Wight Laboratory, to support the

obj ective of increasing reliability of the electrical power systemby 2.5x by FY-2000.

(U) (%$2,650) AFFORDABLE NAVY Al R VEH CLES:

(U Initiate:

- (U Devel opment of repair techniques for highly curved, conposite aircraft structures applicable
to aircraft inlet duct and exhaust nozzle structures.

- (U Devel opment of structural |ife enhancenent techni ques applicable to both new and agi ng
aircraft, to support FY-2000 objective of increasing fatigue life by 25%

- (U Design and denonstration of an exhaust inpinged structural air vehicle conponent.

(U Continue to:

- (U Inprove capability, during the Applied Research phase, in the evaluation of the life cycle
cost and affordability inmpact of technol ogy advances for use in the devel opnent of future aircraft
concepts. Efforts to be coordinated with Joint Strike Fighter (JSF) Program F/ A-18E/ F, V-22, other
Servi ces and industry.

- (U) Devel op a conbined Conputational Fluid Dynam cs/Finite El ement Mdel (CFD FEM

desi gn/anal ysis tool for accurately predicting aerodynam c | oads of and designing the structure for
aircraft enpennages.

(U) Conplete:

- (U) Denonstration of conposite |ow cost integral stiffener concept with i nproved | oad carrying
capability. Supports objectives for FY-2000 to reduce aircraft structure fabrication costs by 35%
and wei ght by 15% while increasing fatigue life by 25%

- (U Antenna and RCS neasurenent of the confornal VHF/ UHF ant enna radone.

- (U Denonstration of conposite substructure to reduce nanufacturing cost.

(U) ($8,000) Al RCRAFT COVBAT S| TUATI ONAL AWARENESS

(U Initiate:

- (U Devel opnent of an intelligent crewstation concept to include an onboard conputer to
continuously assess the conditions of the pilot and the aircraft relative to the escape envel ope,
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and a neasurenent and control systemto unobtrusively nonitor aircrew physiol ogical functions to
provi de necessary control variables (Bi of eedback) in order to reduce fatalities while increasing
m ssion effectiveness (Congressional add of $2.2 nmillion).

(U Continue to
-- (U Develop algorithnms and conpl ete anal yses and sinul ations of vehicle data bus networks in

support of an Intelligent Vehicle Managenent System concept and Snart Conponent integration

-- (U Denobnstrate hardware and software for advanced high definition, flat panel Hel net Munted
Di spl ays for sensor fusion and precision real time retargeting, threat warning, and extended
aircraft/aircrew vision under adverse attitude, maneuvering, and environnental conditions.
Contributes to the goal of denobnstrating a single seat all-weather strike cockpit by FY-2005
(Congressional add of $2 million).

« (U ($2,532) AR VEH CLE DYNAM C CONTROL:

(U Initiate:

- (U An autonated/assisted naneuvering task to investigate which types of advanced outer | oop
nodes are feasible both froma technical and human factors point of view

- (U Laboratory denonstration of an advanced air data acquisition sensor

- (U Investigation of relaxing Navy design requirenents through inplenmentation of advanced

t echnol ogy devel opnents to reduce devel opnent costs by 20%

- (U Investigation of control augnmentation systens nost appropriate to conpensate for aircraft
operational deficiencies in degraded environnental conditions.

(U Continue to
- (U Develop and evaluate control laws to assist the pilot in outer-loop control functions (i.e.

control of acceleration, as well as other dynanmic aspects of the air vehicle).
- (U Devel op techniques for perforning detail ed two-di nensional and three-di nensional anal yses for

eval uating high lift aerodynani c concepts.

« (U (% 3,705) OXIDE PURPLE
- (U dassified.

e (U (%$363) Portion of extramural programreserved for Small Business |nnovati on Research assessnent
in accordance with 15 U. S. C. 638.

3. (U FY 1998 PLAN
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(U) (9%$8,460) PROPULSI ON & PONER
(U Initiate:
- (U Design of IHPTET Phase IIl propul sion conponents that will reduce mai ntenance costs of Navy

subsoni ¢ support aircraft by 35%

(U Continue to:

- (U Devel op JTDE fan.

- (U Develop the Phase Il Advanced Gas Generator/JTDE af fordabl e conbustor to expand fli ght

envel ope.

- (U Devel op advanced corrosion resistant nmechani cal conponents to reduce dynanic seal |eakage and
reduce operating costs.

- (U Develop life/durability inprovenents in turbine system conponents.
- (U Develop techniques to inprove control of rotor dynamics to reduce inpact of carrier |andings.
- (U Evaluate advanced el ectrical concepts/architectures to reduce system wei ght, volume and cost

for future naval aircraft. Continue support of Mre Electric Aircraft Initiative.

(U Conpl ete:
- (U Denonstration of Fighter/Attack category engi ne conponents in a full engine configuration to

i ncrease thrust-to-weight by 60% and reduce cost by 20%

- (U Denobnstration in a subsonic core advanced conbustor and conpressor conponents that reduce
fuel consunption by 30%

- (U) Consolidation of the MADMEL, Internal Starter/Generator (I SG (external nmachine) and | PU
(electrically driven) into a conplete, nore electric copper bird technology denobnstrator.

- (U Fabrication of the I SG and integration into an | HPTET engi ne core denonstrator.

- (V) Fabrication of the IPU Starter/ Generator and engi ne gas generator core.

(U) (%$3,190) AFFORDABLE NAVY Al R VEH CLES:

(U Initiate:

- (V) Denobnstration of unitized conposite structure to reduce structural weight and nanufacturing
cost in accordance with FY-2000 objectives of increasing fatigue life by 25% while reducing wei ght
by 15% and fabrication costs by 35%

- (U) Devel opnent of concepts which will provide on-denand enhancenent or degradation of the jet
exhaust m xi ng process for enhanced Advanced Short Takeoff/Vertical Landing (ASTOVL) perfornance.

- (U) Devel opnent of smart Conposite Structures which incorporate health nmonitoring capabilities
for accurate danage identification and assessnent to devel op a condition based di agnostic system
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(U Continue to:
- (U Develop repair techniques for highly curved, conposite aircraft structures applicable to
aircraft inlet duct and exhaust nozzle structures.

- (U Develop structural |ife enhancenent techni ques applicable to both new and aging aircraft to
support FY 2005 objective of increasing fatigue life by 25%
(U Conpl ete:

- (U Design of an exhaust inpinged structural air vehicle conponent.
(U) ($%$5,500) Al RCRAFT COVBAT S| TUATI ONAL AWARENESS

(U Continue to:

- (U Develop an intelligent crewstation concept to unobtrusively nonitor aircrew physiol ogi cal
functi ons.

- (U Develop fault tol erant processing and network el enents based on the selected vehicle
managenent system architecture and information flow control structure.

- (U Pursue multiple platformapplicability denmonstrations of energing Advanced Hel net Vision
systens for enhanced aircrew m ssion effectiveness and inproved targeting accuracy.

* (U (%2,987) AIR VEH CLE DYNAM C CONTROL
(U Initiate:
- (U Systemarchitecture for the Real-Tinme Battle and Md-Air Collision Danage |dentification
System

(U Continue to:

- (U Develop parallel viscous aerodynan c net hodol ogy for inproving the fidelity of aerodynamc
desi gn and cycle tine.

- (U Develop the Automated Maneuvering systemusing outer |oop control algorithnms to reduce pilot
wor kl oad, maintain | ow observability, perform precision weapon delivery, and provide automatic
recovery and altitude control.

- (U Analyze inpact of current design criteria on designs, identify areas of conservative design
and survey advanced technol ogy i npact toward reduci ng devel opnent costs by 20%

- (U Refine, optimze and test control augnentation system nost appropriate for conpensating for
aircraft operational deficiencies in degraded operational conditions.
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(U Conplete:
- (U Flight denonstration of an advanced air data acquisition sensor.

- (U Design of the autonated/assisted maneuvering system architecture and devel op control

al gorithns.

- (U Inproved highlift systemaircraft configurations and a validated 3D optim zati on/ design
net hod for high-lift systens.

* (U (%3,453) OXIDE PURPLE:
(U dassified.

4. (U FY 1999 PLAN

* (U (%8,489) PROPULSI ON & POVER
(U Initiate:
- (U Design of conponents that will reduce fuel consunption of Navy fighter/attack and subsonic
support aircraft by 40%
- (U Testing of the Internal Starter/Generator.
- (U Testing of the IPU Starter/ Generator with gas generator.
- (U Devel op new heat exchangers with enhanced heat transfer capabilities, increased resistance to
corrosion, conmpatibility with the aircraft carrier environnent, and reduced manufacturing and repair
cost s.

(U Continue to:

- (U Develop Phase |IIl Fighter/Attack Denonstrator Engi ne Fan.
- (U Develop life/durability inprovenents in turbine system conponents.
(U Conplete:
- (U R g test of advanced corrosion resistant nmechani cal conponents to reduce operating costs.
- (U Rgtest of the Phase Il Advanced Gas Generator/Joint Technol ogy Denonstrator Engine

af f ordabl e conbustor to expand flight envel ope.
- (U Denpbnstrate reduced nai ntenance fuel flow nmetering system

(U) (%$3,000) AFFORDABLE NAVY Al R VEH CLES:
(U Continue to:
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- (U) Denpbnstrate unitized conposite structure to reduce structural weight and manufacturing cost.

(U Conplete:

- (U Devel opment of Smart Conposite Structures which incorporate health nonitoring capabilities
for accurate danage identification and assessnent to devel op a condition based di agnostic system
contributing to a reduction in support costs.

- (U Testing of an exhaust inpinged air vehicle conponent.

* (U (%5,500) Al RCRAFT COVBAT SI TUATI ONAL AWARENESS
(U Continue to:
- (U Denpnstrate an intelligent crewstation concept to include an onboard conputer to continuously
assess the conditions of the pilot and the aircraft relative to the escape envel ope, and a
neasurenent and control systemto unobtrusively nonitor aircrew physiological functions
- (U Develop the prelimnary aircrew interface required to support the Aircrew Decision Al ding
Interface effort.

* (U (%2,610) AR VEH CLE DYNAM C CONTROL:
(U Initiate:
- (U Use of a recently devel oped advanced fl ow di agnostic tools that sense the state of the
boundary | ayer and drive the nodification of the surface to naintain the desired flow
characteristics to enhance the maneuver and crui se performance of high performance aircraft toward
reduci ng crui se drag by 7% and i ncreasi ng maneuver lift/drag ratio by 10%

(U Continue to:
- (U Investigate relaxed design criteria and devel op a research plan contributing to a 20%
reduction in devel opnent costs.

(U Conplete:
- (U Denopbnstration of the automated/assisted maneuvering systemin a non-real-tine sinulation

using a nodel of a pilot and a linmted threat environnent.

- (U Denpbnstration of damage identification and estinmation algorithns on a high fidelity nonlinear
si x degree of freedom high perfornmance aircraft sinulation.

- (U) Devel opnent of nethods and concepts to alleviate enpennage buffet during high al pha
maneuvering of fighter/attack aircraft. Contributes to FY-2000 objective of reducing twin-tail
buffet by 20%
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- (U Inplenmentation of Real Time Battle and Md-Air Collision Danmage ldentification algorithms in
sof twar e.

- (U Shipboard flight test evaluation to denpbnstrate control augmentation systemability to
conpensate for aircraft operational deficiencies in degraded environmental conditions.

* (U (%$3,261) OXI DE PURPLE:
- (U dassified.

B. (U PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 29, 792 20,578 26, 554 31, 215
(U Adjustnents from FY 1997 PRESBUDG -1, 120 +3, 172 -2, 964 -8, 355
(U FY 1998/ 1999 PRESBUDG Subni ssi on: 28, 672 23, 750 23,590 22, 860

(U) CHANGE SUMVARY EXPLANATI ON:

(U Funding: FY 1996 adjustments reflect a Jordanian F-16 financing rescission (-35); an Admnistrative &
Personnel Services reduction of (-132); SBIR Transfer reduction (-133); and execution adjustments (-820).

FY 1997 adjustnents reflect Congressional undistributed reductions (-1,028); and Congressional Plus-ups
for Flat Panel Hel net Mounted Displays (+2,000) and Bi of eedback Technol ogy (+2,200). FY 1998 adjustnents
reflect rebalance of 6.2 to fund ATDs (-1,651); Navy Wbrking Capital Fund (NWCF) and ot her adjustnments
(-1,243); and inflation reduction (-59). FY 1999 adjustnents reflect a rebalance of 6.2 to fund ATDs
(-7,113); and NWCF and other adjustments (-1,157); and Inflation reduction (-85).

(U Schedule: FY 97 funding adjustnments caused a delay in the start of Thernal Managenent efforts, as
well as slowing efforts in the devel opment of Conposite Structures technologies. FY 98 & 99 funding
adj ust ments have forced the cancellation of the Integrated Advanced Aircraft/Advanced Ship Systens
technol ogy thrust efforts until FY 02.

(U) Technical: Not Applicable.

C. (U OTHER PROGRAM FUNDI NG SUMMVARY: Not Appli cabl e.
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(U RELATED RDT&E: This program adheres to Tri-Service Reliance Agreenents on Air Vehicles (Fixed Wng &
Rotary Wng), Integrated Pl atform Avionics, and Human Systens with oversight provided by the Joint Directors
of Laboratories.

(U Work in this ProgramEl enment (PE) is related to and fully coordinated with efforts in the foll owi ng PEs:
(U PE 0601101F (Geophysi cs)
PE 0601102F (Materi al s)
PE 0601153N (Def ense Research Sci ences)
PE 0602201F (Aerospace Flight Dynam cs)
PE 0602202F (Human Systens Technol ogy)
PE 0602203F (Aerospace Propul sion)
PE 0602204F (Aerospace Avionics)
PE 0602233N ( Readi ness, Training and Environmental Quality Technol ogy)
PE 0602234N (Materials, Electronic and Conputer Technol ogy)
PE 0602708E (Cockpit Autononpus Landi ng)
PE 0603003A (Rotary Wng Aircraft Technol ogy)
0603106F (Logistics Systens Technol ogy)
PE 0603112F (Advanced Material s)
PE 0603202F (Aerospace Propul sion Subsystens |ntegration)
PE 0603205F (Flight Vehicle Technol ogy)
PE 0603211F (Aerospace Structures)
PE 0603216F (Aerospace Propul sion and Power Technol ogy)
PE 0603217N (Air Systenms and Wapons Advanced Technol ogy)
PE 0603231F (Crew Systens and Personnel)
PE 0603245F (Advanced Flight Technol ogy | ntegration)
PE 0603706N (Medi cal Devel opnent (Advanced))
PE 0603792N (Advanced Technol ogy Denopnstrati ons)

ccccccccccccccccccces
Y]
m

(U Advanced Technol ogy Transition in accordance with the ongoing Reliance joint planning process and
contains no unwarranted duplication of effort anbng the Mlitary Departnents.

D. (U SCHEDULE PROFILE: Not applicable.
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(U COsT: (Dollars in thousands)

PRQJECT

NUVMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWPLETE PROGRAM
C3001 Mari ne Corps Landi ng Force Technol ogy

16, 871 16, 374 13, 043 14, 535 19, 265 19, 822 20, 400 21,032 CONT CONT

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: The basic roles and m ssions of the Marine Corps (the seizure and
def ense of advanced naval bases, the conduct of |and operations essential to the naval campaign, and other such duties as the
President may direct) are specified in Title 10 USC 5063 to ensure the continued exi stence of the Marine Corps as a separate
and major military service, both with distinct warfighting mssion and as a flexible instrunent of national policy. The

Nati onal Security Act of 1947 and DoD Directive 5100.1 are the basis for conducting this Marine Corps effort.

(U By law, the Marine Corps is tasked to develop, in conjunction with the Arny and Air Force, those phases of anphi bious
operations that pertain to tactics, techniques, and equi pment used by the landing force. It is reorganized from 8 technol ogy
thrust areas into 5 Warfighting Inperatives by the Science and Technol ogy (S&T) Roundtabl e process. These Warfighting
| nperatives are: Command and Control (&), Maneuver, Logistics, Firepower, and Training and Educati on.

(U The primary objective of this ProgramEl enent (P.E.) is to devel op and denonstrate the technol ogi es needed to neet the
Marine Corps unique responsibility for anphibious warfare and subsequent operations ashore. This P.E. provides the know edge
base to support Advanced Technology (6.3) and is the technol ogy base for future anphibi ous/expeditionary warfare capabilities
This P.E. supports the Concept Based Requirenents System of the Marine Corps Conbat Devel opnent Center (MCCDC) and responds
directly to the Marine Corps S&T Roundtabl e process managed by MCCDC and the OFfice OF Naval Research.
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(U Due to the sheer volune of efforts included in this PE, the prograns described in the Acconplishnments and Pl ans section
are representative selections of the work included in this PE

(U The Navy Science and Technol ogy programincludes projects that focus on or have attributes that enhance the affordability
of warfighting systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a nmjor
devel oprment effort.

(U  PROGRAM ACCOWPLI SHVENTS AND PLANS

1. (U FY 1996 ACCOVPLI SHVENTS

« (U (%$3,577) C: Conpleted systens |level design for networked Over-the-Horizon (OTH) Conmunications system
Demonstrated intelligent automated | anding pl an generator. Provided conplete order of battle capability for
battalion level, tactical sinulator and denonstrated it. Expanded field |anguage translator systemto provide
briefing capability. Perfornmed Phase | technol ogy application for collaborative planning and deci sion aids.
Exerci sed cel lular conmmunications in support of joint operations. Expanded joint counternmeasures Conmand,
Control, Comunication, Conputer and Intelligence (C41) architecture to support Qperational Maneuver From The Sea
(OWTS). Conpl eted design of a Radi o Reconnnai ssance receiver for forward Recon Teans. Perforned a conparative
anal ysis of data conpression algorithns to evaluate best allocation for digital video project.

e (U (%7,728) Maneuver: Conpleted testing of the Joint Tactical Electric Vehicle and transitioned technology to
Marine Corps Advanced Techni cal Denpnstrations (ATD), PE 0603640M Project C2223 and the joint Marine Corps
USSOCOM Li ght Strike Vehicle (LSV) acquisition program Conpleted devel opnent and testing of Hel o- Transportable
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Multi-Mssion Platformand Articulated Electric Drive Trailer (HTMW/ AEDT) and transitioned to joint Marine
Corps, United Stated Special Operations Command (USSOCOM LSV program Continued field tests of corrosion

resi stant conmponents and inserted new conponents/advanced technol ogy on field denpbnstration with Conmbat Service
Support platforns. Conducted field tests on |ightweight, corrosion resistant plastic radiators on Hi ghly Mbile
Mul ti - Purpose Wheel ed Vehicle (HMWA) and Logi stics Vehicle Systems (LVS) vehicles. [Initiated and continued
testing of high tenperature coatings and fl ame-sprayed corrosion resistant coatings. Continued current, and
awar ded new contracts, for concept devel opnent of anphi bious |ogistics transportation systenms to support seabase-
t o-obj ective maneuver. Facilitated and supported on-goi ng seabase, Maritinme Prepositioned Forces (MPF), and
future concepting between Marine Corps and Navy expeditionary warfare organi zati ons. Procured experi nental
prototype tunable filter multi-spectral canera and assessed passive mllineter wave (MWY technol ogy shortfalls.
Designed and fabricated feasibility denonstrator sensor device for mne detection in adverse weather and began

| aboratory tests. Solicited responses to extend operational envelope for multi-spectral mne detection and

i nproved buried mne detection. Denonstrated visible/thermal inage fusion technol ogies and transitioned to
Coastal Battlefield Reconnai ssance and Anal ysis (COBRA) Denonstration/Validation (DEM VAL) program Conpl et ed
full scale testing of mechanical mine neutralization and Of-Route Smart M ne C earance breadboard and key
count er measures concept testing. Conpleted eval uations of countermeasures techniques and transition activities
to Arny and Program Manager. Conpleted vehicle | andnine survivability system denonstrations, transitioned
programto Arny, and installed kits on vehicles involved in recent mlitary operations in Bosnia. Conpleted
anti-helicopter predictive nodeling. Corrosion and expeditionary transportation efforts will be executed under
the Logi stics Inperative beginning in FY 1997.

e (U (%2,546) Logistics: Selected and awarded Broad Area Announcenent (BAA) contract in support of technol ogy
road map. Expanded programto incorporate Logistics Conmand and Control and Logi stics Transportation
Est abl i shed Conbat Service Special Operations Conmand/ Tactical Logistics (CSSOCT TACLOG Test Site. Prototyped
air-liftable naterial handling equi pnent for forward areas. Began concept validation for sea-basing and ship to
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shore transportation/distribution systens through nodeling, to support a matrixed concept of operations.
Initiated technol ogy support efforts for Maritine Prepositioning Force operations technol ogy. Conpleted
Recor di ng and Tracki ng system configuration integration. Selected and awarded BAA contracts in support of

t echnol ogy roadnmap. Conpl eted Recordi ng and Tracki ng system configuration integration. Conpleted Expeditionary

Engi neeri ng Technol ogi es system concepts. Conpl eted validation of Anphibious Bul k Li quid Technol ogy system
configuration. Continued devel opi ng technol ogy concepts for sea-basing cargo transfer technologies. Initiated
t echnol ogy support efforts for Maritime Prepositioning Force operations technology. Solicited BAA responses for
denonstrat abl e system conponents to support concepts and follow on Marine Corps ATD efforts in PE 0603640M

Proj ect C2223.

(U (%$3,020) Firepower: Conpleted advanced testbed devel opment. Transitioned Gated Laser Video Systemto Marine
Corps ATD (PE 0603640M Project C2223). Started devel opment of sensor registration, sensor orientation, nultiple
sensor data fusion, and sensor conmunications and tactical target tracking in near perfect real-tine tactica
Integrated Fire Control (IFC) System Continued to exploit energing technol ogy through the BAA process.
Conpl et ed aut ol oader and transition technology to Program Manager. Devel oped concepts for inexpensive, autononous
and gui ded nortar rounds for the auto-load system Analyzed technol ogy deficiencies, and continued to nullify

t hose defi ci encies through the BAA process.

FY 1997 PLAN:

(U (%$2,152) CG: Continue efforts in devel opi ng OTH Conmuni cations capability for landing forces. Conplete
prototype tactical sinmulator and denonstrate. Develop C41 information transfer and managenent architectura
speci fication based on Marine Corps requirenents and technol ogy search. Initiate Plan Repair and Battl e Danmage
Anal ysis (BDA) analysis decision aid tools. Initiate digital video prototyping task. Ildentify conputer hardware
technol ogy and investigate ability of inproving radio technology for man-portabl e scenarios. Devel op prototype
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OTH Conms wi de band rel ay system and denonstrate the first phase during Force 21 Exercise. Continue work in
devel oping intelligent software to support the Conmanders Critical Information Requirenents (CCIR) anal ysis and
information retrieval. Continue and conplete task to provide a digital video renpte reconnai sance capability
over | ow bandw dth point-to-point radios. Develop and denonstrate nethods to nonitor operation execution and
repair Operations Oder (OPORDER) Annexes as unexpected events occur during operations. Construct a next
generation prototype handhel d radi o frequency (RF) signal detector, classifier and | ocalizer prototype which wll
be capabl e of w de band signal analysis. Uilizing smart algorithns, develop the capability to autonmatically
anal yze, evaluate and display battle danage in a tactical picture. Continue |Information Warfare defensive phase
t ask.

e (U (%4,275) Maneuver: Conplete award of BAA contracts for survivability. Continue technology insertion into
joint Marine Corps, Defense Advanced Research Project Agency (DARPA), and USSOCOM |ight tactical vehicle program

Enhance hybrid electric Joint Tactical Electric Vehicle (JTEV) and test new technol ogy. Continue joint Marine
Cor ps/ Arnmy Joi nt Advanced Survivability Experinent (JASE) testing and integration. Initiate Threat Oiented
Survivability Optimzation Mdel (TOSOV) devel opment for vehicle integration. Initiate survivability analysis

for Reconnai ssance Scout Vehicle (RSV) and Future Light Conbat Vehicle (FLCV). Conplete tests of tunable filter
nmul ti spectral canera for mne detection to qualify performance, analyze renmining technol ogy shortfalls, and
solicit BAA responses to correct. Continue devel opnent of technol ogies to extend the standoff range of

nmul ti spectral mne detection. Conplete nodeling and simulation (M&S) efforts directly related to mne

count ermeasures (MCM. Construct, test, and denpnstrate sub-scale and full-scal e nodels of mne survivable
vehicle and transition. |Integrate sensor suites for autononous battlefield surveillance. Continue joint Mrine
Corps, Arny electro-magnetic arnmor systenms. Conplete testing of tactical decal test and evaluation. C ose out
shaped charge alternative concepts, report, and transition technology. Planned transition of Stand-off Mnefield
Br eacher program and Joi nt Anphi bi ous MCM ATD ( PE 0603640M) .
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* (U)(%$5,348) Logistics: Fromtechnology road map of future combat service support, the enphasis is on
Logistics C. LOG C is supported by investigation into rapid request handling, an advanced prototype for
CSSOC/ TACLOG support, and a definition study of seabased G requirements. Support Service tasks include the test
and eval uation of the prototype material handling equi pnent. Conplete prelimnary concepting for Expeditionary
Cont ai ner Handl er (ECH) and prepare for transition to ATD (PE 0603640M in FY 1998. A washdown technol ogy wil |
be anal yzed to support the rapid retrograde or backl oad of |ogistics and transportation assets fromthe forward
areas to the seabase. Conbat |oading will be integrated as a nodule into MAGTF Logi stics Automated |nformation
System (LOG Al'S) software, supporting |load plans for conbat configured | oads. Conduct technol ogy assessnment to
i ncl ude depl oyable heavy lift and the integration of nmaintenance into LOG AIS. LOG transportation will be
addressed in an initial future vehicle study for high pay-off thrust areas to include the rapid
prototyping/field testing of a logistics aerial delivery support system Enphasis will be placed on the
concept ual devel opment of the seabasing platformfunctionality. Conplete field testing of new conponents and
advanced corrosion technology with denonstrati on on Comuni cati ons Support System (CSS) platforns. Conplete
testing of HWW/ plastic radiator and transition to Program Manager (PM. Start corrosion inhibitor coatings
effort to include, investigation, analysis, and eventual |aboratory testing and full scale trials. Conplete
prelimnary concepting for Expeditionary Logistics Transporter (ELT) vehicle and prepare for transition to ATD
(PE 0603640M in FY 1998. Conplete configuration integration for Anmphibious Bul k Liquid technol ogi es and
Expedi ti onary Engi neering technol ogies. Conplete technol ogy system concepts and begi n concept validation for
sea- basi ng cargo transfer technol ogies. Develop technol ogy concepts for Maritime Prepositioning Force
operations technol ogy. Devel op comranders task/asset/services correlation tool. Conplete configuration
i ntegration for Anphibious Bul k Liquid technol ogi es and Expeditionary Engi neering technol ogi es. Conplete
t echnol ogy system concepts and begi n concept validation for sea-basing cargo transfer technol ogies. Develop
t echnol ogy concepts for Maritinme Prepositioning Force operations technol ogy. Devel op commanders
t ask/ asset/services correl ation tool
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(U (%$3,349) Firepower: Continue to denonstrate sensor registration, sensor orientation, nmultiple sensor
fusion, and comunication |inks conponents for real-time tactical | FC System Devel op concepts for renotely
programmabl e adaptive sensors. Continue to exploit technol ogy through the BAA process. Denpbnstrate conponents of
i ghtweight, close-in Air Defense Systens. Continue to exploit enmerging |ightweight weapons technol ogy through
t he BAA process. ldentify concepts for high energy/inmpul se warhead concepts . Perform anal ysis/tradeoffs of
fire-fromencl osure technol ogi es. Devel op conceptual subsystem desi gns of weapons accuracy i nprovenent
conponents.

(U) ($900) Training and Education: Initiate programto begin to devel op core conpetency for the Marine Corps at
a recogni zed center of excellence for M&S with direct links to the broad field of training and education and
nmore specifically to the operational issues associated with G Begin to devel op expertise in application and

adaptation of environnment features relative to the littoral battlespace. Explore new concepts using |egacy and

emer gi ng Navy and Marine Corps communi cations assets to support at sea mission planning rehearsal and virtua
training. Develop Marine specific research tools to support M&S in other Warfighting Inperative focus areas

(U ($350) SBIR Portion of the programreserved for Small Business Innovati on Research assessnent in
accordance with 15 U. S. C 638.

FY 1998 PLAN:

(U ($2,503) C: Denpnstrate Scal able Tactical Picture and transition to ATD. Conplete Plan Repair/BDA deci sion
aids task. and transition to PE 0603640M Denonstrate OTH Communi cations. Continue CCl R software prototype.

Initiate scal able plan and decision aid task. Continue BDA and display task. Continue Information Warfare task
and extend to of fensive phase. Conplete operation execution nonitor and OPORDER repair task. Initiate task to
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provide | ong range Low Probability of Interception Detection (LPI/LPD) wireless wide band | ocal area network to
support dispursed fire teans during operations. Initiate task to prototype a nobile small footprint phased
array super high frequency (SHF) antenna to operate from noving platforns on | and.

(U (%$2,619) Maneuver: Conpl ete eval uati on of DARPA technol ogy insertion into JTEV testing and publish
results. Denponstrate fixed-but-multiple wavel ength |aser effort and Automated Target Recognition (ATR)
algorithmand i mage synthesis tool extension to ultraviolet and near infrared (IR). Transition distributed
expl osi ve technol ogy to PE 0604612M Denonstrate affordable robotic mne counterneasures systens.

e (U ($%$4,646) Logistics: Begi n devel oprment, denonstration of a deployable LOG € integrated system Conplete
devel opnent of the Rapid Request C2 support system Begin denonstration of the material handling technology in
conjunction with air delivery and packagi ng/ conbat | oad concepts. Begin denonstration of deployable heavy lift.
Denmonstrate washdown technol ogy. Continue nodeling and sinulation efforts of
MPF/ Seabase/ Transportation/ Facilities. Conplete field and atnospheric testing of thermal -spray al um num
coatings. Conplete atnospheric corrosion testing of multiple alternative coatings for fasteners and connector.
Conpl ete evaluation of feasibility of accelerated corrosion testing methods for use in Marine Corps
appl i cations.

. (U (%$2,400) Firepower: Denobnstrate Enhanced Target Acqui sition/ Geo-Location Equi pnent |ntegration. Continue
BAA solicitation/award cycle. Denponstrate Acquisition & Queing Heads Up Display. Continue operation and
i nprovenment of Sensors Test Bed.

e (U (%$875) Training and Education: Continue rapid virtual database generation effort. Develop intelligent
behavi ors and test. Conplete range instrunmentati on concepts anal ysis.
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5.

(U FY 1999 PLAN:

(U ($2,790) C: Devel op scal abl e planning tool. Conplete CCR decision aid. Denonstrate offensive |nformation
Warfare capability from Tactical Conbat Operations (TCO (Marine Corps GCCS)-develop a field | evel operation
execution and nmonitoring tool for use with the Data Automated Comuni cations Termi nal (DACT). Continue the

devel opnent of the wi de band wirel ess Local Area Network (LAN) to support w dely dispersed fire teans. Devel op a
field I evel operation execution and nonitoring tool for use with the DACT. |Initiate an effort to adapt 3

di mensi onal volunetric display technology into conbat operation centers for ground and air operations.

(U (%$3,660) Maneuver: Initiate technology investigation efforts that elimnate risks associated with RSV ATD
prograns. Devel op production alternative decision matrix for determ ning mne survivable vehicle kits.
Transition autononmous minefield reconnai ssance and neutralization systemto ATD. Devel op technol ogi es applicable
to the Enhanced Survivability Platform ATD for integration into survivability suite of FLCV. Conplete early
oper ati onal assessnent of tunable filter camera sensor; integrate into COBRA sensor

(U)(%$4,035) Logistics: Conplete field and at nospheric test of high tenperature corrosion resistant coatings and
transition to PMs. Conplete corrosion performance evaluation and feasibility study of dianondlike nano-
conposite protective coatings.

(U (%$3,100) Firepower: Integrate disparate sensors into conpact adaptive, deep insertion tactical targeting
sensor unit. Integrate neterol ogical/environnental sensor into deep-insertion tactical sensor array. Test and
integrate sighting, sight stabilization, range increasing/enhancing, and lethality enhancing technol ogies into
exi sting and advanced |i ghtwei ght ground weapons in support of the maneuver elenent. Integrate renote joint
Arnmy, Marine Corps, and Navy test and maneuver training sites into the sensor test bed facility. Test and

eval uate | ead-free technol ogies for snmall arms.
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. (U) (%$950) Training and Education: Develop intelligent behaviors and integrate into systens. Technical concepts

B.

definition for user to sinmulation interfaces. Brassboard test and denonstration

(U PROGRAM CHANGE SUMVARY:

(Y

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President s Budget: 16, 917 17,093 19, 049 20, 809
(U Adjustnents from FY 1997 PRESBUDG -46 -719 -6, 006 -6, 274
(U FY 1998/1999 OSD/ OVB Budget Submit: 16, 871 16, 374 13, 043 14, 535

CHANGE SUMVARY EXPLANATI ON:

(U) Funding: FY 1996 adjustnents include (-$166) due to Jordanian F-16 financing rescission, (-$85) due to SBIR and
(+$205) due to minor adjustment. FY 1997 decrease of (-$719) due to Congressional Undistributed Reductions. FY 1998
adj ust ments include (-$32) for Inflation and (-%$5,974) due to realignnent of programs to fund high priority

initiatives, CAL and Sea Dragon. FY 1999 adjustemts include (-$54) for Inflation and (-$%$6,220) due to realignnment of
prograns to fund high priority initiatives, CA and Sea Dragon.

(U Schedule: Not applicable.

(U) Technical: Not applicab e.
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(U) OTHER PROGRAM FUNDI NG SUMMARY: Not appl i cabl e.

(U RELATED RDT&E:

DATE: February 1997

C3001
Mari ne Corps Landi ng
Force Technol ogy

(U) This program adheres to Tri-Service Reliance Agreenents in Chenical/Biol ogical Defense; Comrand, Control and

Communi cati ons; Conventional Air/Surface Waponry; El ectronic Devices; Gound Vehicles;
Manpower and Personnel; and Trai ning Systens.

(U PE 0603606A (I nproved Di spersed Expl osives Technol ogy

(U PE 0603619A (I nproved Di spersed Epl osives Technol ogy)

(U PE 0603611M (Marine Corps Assault Vehicles)

(U PE 0603635M (Marine Corps G ound Conbat/ Support System

(U PE 0603640M (Marine Corps Advanced Technol ogy Denpbnstrati ons)
(U PE 0602232N (Space and El ectronic Warfare (SEW technol ogy.

(U PE 0603782N (Shal |l ow Water M ne Counternmeasures Denonstrations)
t(U)

hrough their counterparts in those organi zations to ensure that no unwarranted duplicat

(U SCHEDULE PROFI LE: Not applicabl e.
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(U COST: (Dollars in Thousands)

PRQIECT
NUMBER FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
& TITLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MVATE  COWPLETE PROGRAM

Space & Electronic Warfare (SEW Technol ogy
56, 534 54, 735 65, 566 71, 426 73, 688 72, 667 72,739 72,372 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  This Program El ement (PE) supports future conmmand, control
communi cations (C) and surveillance systens for surface, air, and space platforns for Naval Warfare. This program

devel ops C technol ogi es necessary for the delivery of critical tactical information to decision makers in a tinely manner
and for the transnission, fusion, and managenent of information between the warrior, the command center, and Nati onal
Command Aut horities. Technol ogy devel opnents include: connectivity, networking, distributed conputer processing,
multilevel security, information nmanagenent, information warfare, decision support and navigation. The major goal is to
provide the Navy with the capacity to interconnect government and commrercial tel ecomunication assets in a worldw de
network that is responsive to regional theater challenges and the National interest. Surface/ Aerospace Surveill ance

t echnol ogy devel opnment supports theater surveillance, Battle group area surveillance, ship self defense, air battle space
surveil l ance and surveillance to support strike missions. Both € technology and surveillance technology are related to
the Joint Mssion Areas of Joint Strike Warfare, Littoral Warfare, Joint Surveillance, and Space-El ectronic Warfare-
Intelligence (SEWI1). Specifically: Joint Strike efforts address technol ogy issues in real-tine targeting and Battle
Damage Assessment (BDA). Prograns include mission planning, en route € precision targeting and BDA. Littoral Warfare
efforts address issues in air and surface battl espace and devel ops technol ogy for ship self-defense, cooperative
engagenment and power projection systens including ship-based and off-ship radar and el ectro-optic/infrared (EQIR)
sensors, connectivity and robust enduring comrunications. Joint Surveillance efforts address issues of real-tine
targeting, connectivity, counter-janm ng and deception. Programincludes nulti-platformradar and IR sensors for

detection, identification, tracking, BDA, and tinely distribution of surveillance information to all levels of conmmand.
SEW1 efforts address information warfare Comon Tactical Picture, battle managenment and connectivity. Progranms include
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sensors and C to provide tinmely situation awareness of the total battlespace and indications and warning of threat
operations and intentions.

(U These efforts support the Joint Warfare Strategy "Forward... Fromthe Sea". Prograns are jointly planned in the
Def ense Technol ogy Area Pl anning Process within the Departnent of Defense.

(U Due to the sheer volunme of efforts included in this PE, the prograns described in the Acconplishnents and Pl ans
sections are representative selections of the work included in this PE

(U The Navy Science & Technol ogy programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible application towards solution of specific Naval problens short of a mgjor
devel opnent effort.

(U PROGRAM ACCOWVPLI SHVENTS AND PLANS:

1. (U FY 1996 ACCOWPLI SHVENTS:

* (U (%20,862) RADAR TECHNOLOGY:
- (U Field tested Radar Survivability/Counter Anti-Radiation Mssile (ARM Wavefornms in a Low Probability of
Intercept Radar (LPIR) testbed to assess level of immunity to anti-radiation hom ng seekers. This continuing
nul ti-year effort is coordinated under Joint Service Active Systens Survivability Wrking G oup.
- (U Devel oped a Testbed System for Conpact-Milti-Mde Radar (Search And Rescue (S&R)/Moving Target |ndicator
(Mr1)/Inverse Synthetic Apeture Radar (I SAR)) for manned and unnmanned aircraft surveillance of sea and | and
targets in littoral environnents.
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- (U) Developed I SAR i nmprovenents for automatic ship classification for Fleet AN APS-137 radar upgrade.
Coordinated with Naval Air Systens Command ( NAVAIR).

- (U Developed alternate Voltage Control |l ed D ode Affordable Phased Array technology. Continuing programto
attack the high cost of phased arrays. Technology will transition to shipboard multi-function, next generation
radar. Coordinated with Program Exective Ofice (PEQ Theater Air Defense (TAD).

- (U Field tested Utra-Wdeband Radar System for ship self defense agai nst high speed | ow observabl e
mssiles. This effort was coordinated with PEQTAD).

- (Ulntegrated and tested Horizon Search, Track and Engagenment Radar with Ship Self Defense Conbat System for
rapi d engagenent of anti-ship nissiles. Coordinated with PEQ(TAD).

- (U Conpleted Muntain Top Phase | experinments in Space Tinme Adoptive Processing (STAP) for Airborne Early
Warni ng (AEW Radar denonstrated effective operation in dense clutter and jamm ng.

- (U Laboratory Tested Two Di nensional Air Target Ildentification Al gorithns.

- (U Wdeband AEW Radar Testbed integration to enabl e evaluation of concepts for next generati on AEW Radar.
- (U Devel oped concept for ultra wi deband space fed phased array for multi-function (search, track, engage)
radar.

- (U Roof Top Tested Wdeband AEW Test bed Radar and assessed perfornance agai nst real targets.

- (U Initiated efforts to Integrate Two Dinensional Air Target ldentification Algorithnms in AN APG 71 Radar
Si gnal Processor for subsequent flight tests (Joint with United States Air Force (USAF)).

- (U Devel oped System Concept for Utra H gh Frequency (UHF) el ectronically steered phased array for carrier

based AEWaircraft and awarded three design study contracts.
- (U Initiated devel opnent of |ightweight conposite radar rotary coupl er and antenna for AN SPS-49
surveill ance radar.

e (U (%11,774) EQ | R TECHNOLOGY:
- (U Conpl eted design and awarded hardware devel opnent contract for ship Infrared Search and Track (IRST) real
time signal processor.
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- (U Initiated Laboratory testing of multi-dinensional detection and track al gorithnms for ship I RST horizon
surveil | ance.

- (U Conducted successful at sea denpnstration of Shipboard Two Color IRST in detecting low altitude targets a
the hori zon.

- (U Conducted Initial flight test of Shared Aperture (Television (TV), Forward Looking Infrared (FLIR), |RST)
EO Sensor for fighter/attack aircraft surveillance and targeting. This technology is basis for E-2C
Surveillance | RST devel opnent.

- (U Conpleted design and awarded contract for E-2C two-color Surveillance | RST devel opnents for Theater
Ballistic Mssile Defense.

- (U Initiated testing (Joint with USAF) of multi-spectral EO Sensor for Airborne Surveillance of |and
targets.

- (U Conpleted IR nmeasurenment and anal ysis of ship induced cl oud wake phenonena fromhi-altitude platforns to
determ ne detectability of surface (ship) platforns transiting underneath cloud cover. (Joint Navy, Defense
Advanced Research Project Agency (DARPA), National Aeronautics and Space Admi nistration (NASA) and United

Ki ngdom (UK)) .

- (U Conpleted performance testing of precision EO Interferoneter at Lowell Cbservatory for precision inmging
of orbiting and stellar objects.

- (U Initiated validation of Integrated background/environnental nodel suite (software program | RTool) with
North Atlantic Treaty Organi zation (NATO and The Technol ogy Cooperative Program (TTCP) nati ons.

e (U (%$3,071) MULTI - SENSOR TECHNOLOGY:
- (U Completed architecture and interface designs for off-the-shelf Milti-Sensor (Milti-Mde Radar, EO
El ectronic Warfare Support Measures (ESM) Testbed Systemto facilitate nulti-sensor data fusion devel opnent.
Per Congressional direction, initiated contract efforts for devel opnment of integrated nulti-sensor fusion
technol ogy. This supports Sensor Integration and Data Fusi on Technol ogy for Airborne Surveillance of |and areas.
This effort is coordinated with the Defense Airborne Reconnai ssance Ofice (DARO.
- (U Initiated concept devel opnent for adaptive resource nanagenment processor.
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- (U Conducted system study/anal ysis of active Radi o Frequency (RF) apertures on typical Navy ship conbat ant
to provide basis for nulti-function RF aperture technol ogy devel opnment.

* (U (%2,248) COVMUNI CATI ONS NETWORKS
- (U Successfully denonstrated Asynchionous Transfer Mdde (ATM traffic over the Defense Satellite
Communi cati ons System ( DSCS) .
- (U Applied the submarine network sinulation nodel to specific network protocol suites, such as the M ni mum
Cover age Approxi mation/ Handof f Assigned Multiple Access (M NCAP/ HAMA) and Enhanced Link 16, to establish a
performance baseline for submarine participation in battlegroup networks, a capability nonexi stent today.

« (U (9%9,272) COVMMUINI CATI ONS
- (U Conpleted at-sea neasurenents of the on-hull Extrenely Low Frequency (ELF) subnarine antenna, and field
tests of the corona-nodel ELF antenna, refined design of submarine |owprofile antennas to minimze sea-water
washover effects as a nmeans of increasing data rates, and initiated assessnent of submarine Super H gh Frequency
(SHF) phased array technol ogies, taking into consideration |ink analysis requirenents, electrical and nechani cal
per formance, and housing and depl oynent requirenents.
- (U Performed analysis to extend the aircraft antenna array design to a conformal array for curved surfaces,
considering both slots and di pole antenna el enents; fabricated breadboards of the miniaturized airborne
communi cations relay to provide a high data-rate UHF capability, and deternined high data-rate Satellite
Communi cation (SATCOM requirenents for Naval aircraft.
- (U Tested the optically controlled antenna and explored transition potential to aircraft platforns;
i nvestigated the feasibility of enploying Frequency Sel ective Surfaces (FSS) for conposite masts in order to
reduce the nunber of antennas aboard ships, assessed alternative bandwi dth efficient nodulation formats for use
in maritine UHF |ine-of-sight conmunications, and explored the use of existing comrercial nodens that incorporat
bandwi dt h effici ent nodul ati ons and adaptive signal processing techniques.
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- (U) Devel oped an High Frequency (HF) jammer processor to aid the operator in nmaking tinely decisions
concerning optinmum frequencies for jamm ng specific targets, interference effects with own comrmuni cati ons,
propagation conditions etc., and tested/eval uated | anguage identification algorithnms devel oped by the USAF

« (U (%6,238) COWAND SUPPORT
- (U Denonstrated and transitioned Optinmal Strike Routing Distributing Planning Algorithnms into 6.3 Real -tine
Support program (PE 0603794N)
- (U Conpleted simulation denonstration of mssion force/unit |level planning with distributed planning
al gorithns.
- (U Conpleted and transitioned i mage/text exploitation and retrieval toolsto operational conmand site for
eval uati on.
- (U Initiated requirenments analysis for establishing a virtual collaboratory testbed utilizing existing
network infrastructure to provide Navy and Joint Service a distributed collaborative environment for rapid
prototypi ng of technol ogi es and experinments.
- (U Initiated devel opment of crisis action planning tools that will automatically generate deconfliction of
crisis response across divergent areas of planning and pl anni ng centers.
- (U Initiated devel opment of a virtual reality display/plan preview systemthat will provide strike planners
a three dinmensional (3D) view and interaction capability with targets on and around the battlefield.
- (U Initiated analysis and data representati on nethods for assessing data quality and identify |evels of
uncertainty associated with inconsistent and anbi guous data fromdistributed information specialist.
- (U Initiated devel opnent of force | evel execution and nmonitoring tools and plan repair techniques.
- (U Initiated devel opnent of intelligent software agents for realtinme access and retrieval of data
- (U Conpleted nodification and eval uati on of Conmercial Of The Shelf (COIS) products for Real Tine Operating
systens devel opnents as applied to Command and Control (C2) systens.
- (U Initiated work on defense information warfare techni ques for detecting unauthorized nodification of data
to C2 systens.
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- (U Initiated devel opnent of multi-user collaborative workspace software using object oriented technol ogy for
use in coll aborative planning.

- (U Initiated devel opnment of secure architecture concepts using affordable secure co-processor that wll

i nprove information sharing

- (U Initiated devel opnent of database architecture using wapper technology that allows access to distributed
hybri d dat abases.

« (U (%$3,069) NAVI GATI ON
- (U Devel oped inproved algorithns for passive submarine terrain avoi dance, investigated feasibility of
guantum wel | gyros to avoid nmechanical dithering, fabricated initial nobdel of superconducting gyro and devel oped
specifications for a high performance fiber-optic gyro suited for submarine applications.
- (U Assessnment and identification of technology for strategi c submarines navigation systens.

2. (U FY 1997 PLAN

« (U ($20,068) RADAR TECHNOLOGY:

(U) CONTI NUE

- (U Design and devel opnent of U tra-W deband phased array (Scale Mdel of Ntinmes N (NXN) el enents)
architecture and control technology to enable ultra-w deband radar operation froma single antenna

- (U Performance testing of horizon search, track and engagenent radar integrated with ship self defense
conbat systemin a high speed |ow altitude target environment.

- (U Investigations of affordable technolgies to significantly reduce cost and conplexity of phased arrays

- (U Integration and validation of two dinensional Air Target ldentification technology in ANV APG 71 radar for
all aspect target identification (I1D).

- (U Devel opnent of |ightweight conposite rotary coupler and antenna for AN SPS-49 Surveill ance radar.
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(U COVPLETE:

- (U Design Studies for UHF el ectronically steered phased array for carrier based AEWaircraft and down sel ect
for scal e nodel hardware devel opnment.

- (U Field Test of Utra-Wdeband radar system agai nst targets of varying cross section and flight regines.
- (U Transition automatic ship classification technology to NAVAIR for AN APS-137 upgrade.

- (U Wdeband AEW Radar devel opnment, technology to be considered for Navy Common Support Aircraft radar.

- (U Developrent and field test of conpact nulti-node radar Synthetic Aperture Radar (SAR)/ Myving Target

I ndicator (MIl)/Inverse Synthetic Aperature Radar (ISAR) for Ocean and Land Surveillance from manned aircraft
and unmanned aerial vehicles (UAVs) restructure, technol ogy devel opnent for application to Joint Synthetic
Terrestrial Aperture Radar System (JSTARS) and AN APS- 137 radar.

- (U Investigations of voltage controlled Di ode inplenentations for phased arrays.

(U I NTIATE:

- (U Joint Programwi th USAF to add Terrestrial Inverse Synthetic Aperture Mde and noving target image
processing to existing SAR Joint Surveillance Target Attack Radar System (JSTARS) and AN APS- 137.

- (U Devel opnent of breadboard hardware Very Hi gh Frequency (VHF)/UHF stepped frequency Utra Wdeband Radar
Technol ogy for conceal ed and buried target detection and exploitation.

- (U Contract to Fabricate scale nodel UHF Electronically Steered phased array to assess performance for E-2C
AEW and Theater M ssile Defense (TMD) operations.

- (U Passive MIlineter Wave radionetry for all weather, high resolution inmaging for target |1 D and BDA
operati ons.

« (U ($11,535) EQ IR TECHNOLOGY:

(U) CONTI NUE:
- (U) Devel opnent and software integration of real-tine signal processor for Two-Col or shipboard | RST.
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- (U Field testing of Multi Spectral Airborne EO Sensor for Surveillance of airspace and |and targets for
integrated air defense and strike mssions (Joint wth USAF).

- (U Devel opnent of integrated active/passive IR Sensor for surveillance, ranging and target recognition.
- (U Devel opnent of surveillance IRST for AEWaircraft Theater Ballistic Mssile (TBM discrimnation and
tracki ng (NAVAI R endor senent).

(U COVWPLETE:
- (U Transition two col or shipboard | RST sensor to PEOC TAD for sea denonstrations and operational utility

assessnent.
- (U IR Analysis, Measurenment and Mddeling Program Transition integrated | RRTool nodel suite for use in Fleet
deci sion aids and to Governnent, academ c and industrial Research and Devel opnent facilities to aid in

devel opnent of IR sensor and signal processing devel oprnents.
- (U Shared Aperture (TV, FLIR |RST) for fighter/attack aircraft surveillance, targeting and BDA m ssions.
- (U Transition cloud ship wake technology fromhigh altitude platforms to Intelligence users.

(U I NTIATE:
- (U Integration of shared aperture (TV, FLIR |1RST) EO Sensor with active laser for E-2 AEWand TMD ni ssi ons.

- (U Devel opnent of Distributed Aperture Infrared | magi ng/ Search and Track Sensor for high resolution target

etection and passive rangi ng.
- (U Exploitation of EO discrimnates for non-inmaging, unresolved target detection and recognition.

(U ($2,710) MILTI - SENSOR TECHNOLOGY:
(U) CONTI NUE:

- (U Devel oprment of Conpact Integrated Miulti-Sensor System for UAV and manned aircraft surveillance, targeting
and BDA.
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- (U) Devel opnent of Data/Sensor fusion technol ogy enphasizing integration and fusion of Radar, EO and passive
ESM sensors for integrated air defense and strike surveillance m ssions.

- (U Milti-function RF aperture concept devel opnent with enphasis on reduci ng nunber of topside antennas on US
Navy Shi ps.

(U COVPLETE:
- (U Datal/ Sensor Fusion Architecture and Processor Design.

(U I NTIATE:
- (U Procurenent of COIS sensors for integrated nmulti-sensor systemtestbed.

« (U (%1,804) COVMMUNI CATI ONS NETWORKS:
- (U In conjunction with civilian standards bodi es such as the Internet Engi neering Task Force (I ETF), devel op
servi ces and nmechani smfor a high performance transport protocol appropriate for high speed networks.
- (U Develop ATM network testbed architecture for conparing performance of different ATM machi nes.
- (U Devel op expeditionary warfare nobile conmuni cati ons networking architecture and sinulation capability.
- (U Initiate design of the Quality-of-Service (QOS) Channel Allocation Protocol (CAP) to enable resource
managenent and admi ssion control.

« (U (9%9,532) COVMUINI CATI ONs:
- (U Continue devel opment of key conmuni cations technologies for air, ship and submarines.
- (U Conduct second at-sea neasurenents of the on-hull ELF antenna for further residual noise reduction,
fabricate the nore promsing | ow profile submarine antenna for at-sea testing and denonstration, and assess the
nore prom sing submarine multiband, nultifunction SHF phased array technol ogi es for submarines.

- (U Conplete anal yses of conformal antenna arrays on curved surface and transition an automated nessage
distribution systemto naval Caircraft.
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- (U Complete analysis of alternative bandw dth-efficient nodul ati ons for UHF conmuni cations and

sel ect/inplement an efficient design and investigate chaotic synchronization of nonlinear circuits for inproved
covert communi cati ons.

- (U Conduct at-sea experinments of high data-rate ship/air communi cati ons enpl oying the NASA Advanced
Communi cati ons Technol ogy Satellite (ACTS)

- (U Devel op enhancenents to comrerci al ATM adaptation protocols to neet mlitary ATMrequirenents.

- (U Develop a laboratory denonstrati on breadboard of a reconfigurable slot antenna array and nmeasure

per f or mance.

(U) ($%$5,530) COMVAND SUPPORT:

- (U Continue devel opment of force | evel execution and nonitoring tools and plan repair techniques.

- (U Continue devel opment of intelligent software agents for realtine access and retrieval of data

- (U Continue work on crises action planning decision aid tools.

- (U Continue work on virtual |aboratory that supports interaction and prototyping of Joint Service

col I aborative m ssion planning and targeting.

- (U Continue work on defensive information warfare techniques using pattern recognition for detecting

unaut horized intrusions into C2 systens.

- (U Develop architectural concepts, software and hardware conmponents and evaluation tools that will inprove
i nformation sharing by connecting system hi gh enclaves of COTS conponents and increasing security by using high
assurance conmponents for security critical functions.

- (U Continue work on the virtual reality display workbench for use in tactical nission planning in a multi-
user environment.

- (U Continue tenplate devel opnment for recognition of activities, tactics and eneny intent that will provide
a commander with overall Battlespace situation assessnent.

- (U Continue devel opnent of nulti-user collaborative workspace software using object oriented technol ogy

for use in collaborative planning.
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- (U Continue devel opment of distributed hybrid databases architecture that includes ability to access flat
files, relational databases and object oriented databases includi ng heterogeneous nmap storage and retrieval.

* (U (%1,610) NAVI GATI ON:
- (U Conduct at-sea tests of the passive submarine terrain avoi dance systemthat nmake possi bl e Q obal
Positioning System (GPS)-i ndependent underwater navigation, fabricate and conduct |ab tests of quantum well
lattice, and design/fabricate/test high performance fiber-optic gyros, and design high-power |ight surce for
fiber-optic gyros.

e (U (1,946) Portion of extra extramural programreserved for Small Business Innovation Research assesnent in
accordance with 15 U. S. C 638.

3. (U FY 1998 PLAN

« (U ($21,504) RADAR TECHNOLOGY:

(U) CONTI NUE:

- (U Characterizing and sub-systemtesting of Utra-Wdeband phased array (Scal e Mdel).

- (U Contractor devel opnent of scale nbdel UHF el ectronically steered phased array for E-2C and future AEW
aircraft.

- (U Joint programwith USAF to integrate nmulti-node radar technol ogy into JSTARS and Navy AN APS-137 high
resol ution radar systems to enable overland and over sea surveill ance.

- (U Devel oprment and | aboratory testing of Utra Wdeband (VHF/ UHF) radar for conceal ed and buried target
detection and ldentification in support of Navy tactical reconnaissance and strike targeting needs. (Joint
programw th Armnmy, USAF, DARPA).
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- (U) Devel opnment of MIIlinmeter Wave Radi onetry Hi gh resolution, all weather imaging sensor for Navy and Marine
Corps strike targeting, target |D and BDA operations.

(U COVPLETE:

- (U Horizon search, track and engagenent radar technology and transition to PEO TAD ship self defense
program

- (U Two dinmensional air target identification technology, prepare transition plan for AN APG 71 and APG 73
radar applications.

- (U Transition |ightweight conposite rotary coupler and antenna to PEO TAD for AN SPS-49 i nprovenent program

(U I NTIATE:

- (U Flight testing (Helicopter) of |low frequency ultra wi deband radar for conceal ed and buried target
detection and identification, Joint with Arnmy, USAF, DARPA.

- (U Joint programwith USAF to integrate all aspect Conbat Identification technol ogy.

« (U ($12,360) EQ | R TECHNOLOGY:

(U) CONTI NUE:

- (U Devel oprment of integrated passive/active EO Sensor for E-2C AEW and TBM Def ense | ong range surveill ance,
target I D and Precision Tracki ng Operations.

- (U Devel oprment of distributed Aperture Infrared | magi ng/search and track sensor for all aspect high

resol ution surveillance, detection and passive rangi ng of airborne targets.

- (U Devel oprnent of Infrared Signal Processing algorithnms to recognize and exploit man nade target signatures
relative to natural backgrounds and counterneasures in support of tactical reconnai ssance and Strike Warfare
needs.

- (U Flight Testing and spectral band optimi zation of nulti-spectral EO sensor to naxim ze detection of hidden
targets in |and backgrounds.
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(U COVWPLETE:

- (U Hardware and software integration of real time multi-dinensional COIS signal processor for ship Two- Col or
| RST.

- (U Signal processor integration with previously devel oped Two- Col or | RST sensor and transition to PEO TAD
for sea operational evaluation.

- (U Two-Color Surveillance IRST for E-2C and install in flight test aircraft.

(U I NTIATE

- (U PEO TAD at sea performance eval uation of ship Two-Color IRST in ship self defense operations.

- (U Flight testing of Two-Col or surveillance IRST on E-2C platform

- (U Devel opnent of Hyper Spectral Infrared sensor with greater than one-hundred sub-bands in both the md-
wave (3-5 un) and Long Wave (8-12 um) spectral bands for Naval Airborne reconnai ssance, surveillance and
targeting m ssions.

« (U ($2,904) MILTI - SENSOR TECHNOLOGY:

(U) CONTI NUE:

- (U Devel oprment of data fusion/resource managenent processor to facilitate autononous nulti-sensor operation
when enpl oyed on unmanned pl at f or ns.

- (U Integration of COIS sensors (Radar, ESM EO for nulti-sensor test bed to denonstrate energi ng fusion and
resource managenent processing technol ogy without costly flight tests.

- (U Milti-Function RF Aperture Devel opnent to enable nultiple electromagnetic sources to operate froma

singl e aperture.

(U) COWPLETE:
- (U Contract efforts to devel op common protocol and interfaces for Milti-Sensor Test Bed.
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(U I NTIATE

- (U Devel opnent of Milti-Function RF Aperture denonstration nodel which incorporates (at a mnimun) Radar,
ESM Equi val ent Current Method (ECM, Comunications and Navi gation sensor functions in a dual shared/ conmon
aperture architecture.

- (U Laboratory testing and characterization of an integrated nulti-sensor test bed to be used for validating
data fusion processing architectures and al gorithns.

« (U (%1,933) COVMMUNI CATI ONS NETWORKS:
- (U Design and test prototype software for the high performance transport protocol and QOS enhancenents to
the Internet Protocal (IP).
- (U Acquire ATM nachi nes from France for performance testing. Install in the ATM networking testbed.
Prepare test plans and procedures in coordination with French experts.
- (U Devel op Donmai n Name Server for heterogeneous nobil e networks.
- (U Analyze the QOS Channel Allocation Protocol for throughput, delay and robustness.

e (U (%10,214) RAD O COVMUNI CATI ONS:
- (U Continue devel opment of key communi cations technologies for air, ship and submarines.
- (U Conduct at-sea testing of the |low profile buoyant cabl e submarine antenna. Determne the best depl oynment
configuration of the nost prom sing submarine SHF phased array antenna on the submarine platform Transition
the on-hull ELF subnarine antenna to engi neeri ng devel opnent.
- (U Fabricate and denonstrate the structurally-enbedded, reconfigurable aircraft antenna array panel on a
curved surface, and conpare with conputed predictions.
- (U Develop an inmproved nodem for UHF |ine-of-sight conmunications enployi ng bandwi dth efficient nodul ati ons
and adaptive equalization of the fading and nmulti-path maritine channel. |ncorporate power nmanagenent and
control algorithns to achieve efficient use of avail able power resources.
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- (U Adapt conmercial code division nultiple access (CDMA) wireless technol ogies to naval applications.

Enpl oy power nmanagenent and control algorithnms for inproved network design.

- (U Based on at-sea experinents conducted with the NASA Advanced Conmuni cati ons Technol ogy Satellite (ACTS),
devel op framework for reception of d obal Broadcast Service (GBS) on naval ships and aircraft.

« (U (%5,926) COWAND SUPPORT:
- (U Denpbnstrate a prototype open systemfor real tinme object oriented database managenent in a distributed
system

- (U Denobnstrate security architecture and evaluation tools in a prototype high Assurance Internet Protocal
next generation (I1Png) platform

- (U Develop anti-data spoofing nmechani sns for incorporation into detection algorithm

- (U Develop colloborative planning nethods that will be used to denonstrate the passing and sharing pl anning
data across interconnected pl anni ng applications.

- (U Develop nethods for determning the data quality transformng to software agents.

- (U Develop internally consistent data representation and managenment of object with uncertainty in context of
intelligence support to operational m ssion execution.

- (U Incorporate context and time sensitive graphical inmages that represent a nulti-user object oriented
domain within a coll aborative planning environment.

- (U Denobnstrate the Virtual/Reality (VR workbench in a scenario that includes noving object who s inpact
can be observed in real tine.

- (U Continue devel opnent of decision aiding software for mission plan repair.

e (U (%3,945) NAVI GATI ON:
- (U Continue devel opnent of key navigation technologies for air, ship and submari nes.
- (U) Develop the Passive Subnmarine Terrain Avoi dance technol ogy enpl oynent in shall ow water.
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(U Analyze and test the quantumwell mrror ring | aser gyro technol ogy and conpare with conventionally

desi gned ring | aser gyros.

to

- (Y

(U) Conduct | aboratory eval uati on of high performance fiber-optic gyro (FOG for subnarine applications.

(U) Develop and test the high power fiber-optic |light source for high perfornmance FOG

(U Initiate new programfor integration of advanced electronics into strategi c submari ne navi gati on systens
reduce dependance on di ninishing source of supply for ol der conponentry.

(%6, 780) SPACE/ STRATEQ C SYSTEMS TECHNCLOGY:
(U Initiate new programto devel op a design code to ninimze the expertise required to design a ballistic

m ssi |l es.

(U Initiate a new programto devel op an underwater missile |aunch conputer simulation nodel.

4. (U FY 1999 PLAN

- (Y
(Y

($22, 211) RADAR TECHNOLOGY:

CONTI NUE:
(U Flight test (Helicopter) of |ow frequency ultra wi deband (VHF/ UHF) radar to assess performance in

detecting, identifying and | ocating conceal ed and buried targets (Joint with Arny, USAF, DARPA).

(U Integration of all aspect Conbat |ID technology to enable tactical airborne radars (APG 71, APG 73) to

identify air targets at or near detection range (Joint with USAF).

(U) Devel oprment of Utra Wdeband (.5-18 Ghz) phased array technol ogy with enphasis on nulti-function

(search, track, engage) operation froma single radar.

(U) Devel opnent of affordabl e phased array technologies with a goal of 50%reduction in system cost w thout

signi ficant performance degradation.

(U Joint with industry assess perfornmance of scale nodel UHF electronically steered array for use on E-2C

and future AEW comon support aircraft.
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- (U Performance assessnment of passive nmillimeter wave radi ometer for strike targeting and BDA m ssions.

(U COVWPLETE:
- (U Joint programwi th USAF to devel op nulti-node high resolution radar technol ogy nodes and prepare

technol ogy plan for incorporation in operational JSTARS and Navy AN APS-137 radar s.
- (U Conplete scale nodel of ultra-w deband phased array and devel op specifications for PEO TAD transition
planning for future nulti-function shipboard radar system devel opnent.

(U I NTIATE:
- (U Devel opnent of efficient (75% radar transmtter devel opment to significantly reduce prine power, cooling

and aperture requirements. This devel opnent utilizes w deband gap seni -conductor advances acconplished in

Program El ement (PE) 0602234N.
- (U Devel opnent of optically steered/controlled phased array technol ogy utilizing photonic devices and

conponents devel oped in PE 0602234N.
- (U Concept and System Architecture devel opment for airborne radar systemto provide surface platfornms over

t he horizon (>100NM target engagenent capability.

e (U ($12,766) EQ | R TECHNOLOGY:

(U) CONTI NUE:
- (U Integration and Flight testing of passive/active EO sensor for E-2C | ong range | ow probability of

intercept surveillance, target I D and precision tracking of aircraft, cruise mssiles and TBM
- (U Distributed aperture Infrared Search and Track for all aspect higher resolution surveillance, detection

and passive rangi ng of airborne threats.
- (U sSignal processing techniques and algorithms to recogni ze and exploit nman made target signatures relative
to natural backgrounds and counterneasures. Supports identified needs in Tactical reconnai ssance and strike

war fare m ssion areas.
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- (U Hyper-Spectral IR sensor for airborne reconnai ssance, surveillance and targeting in Strike and Anti -
Surface Warfare (ASW m ssion areas.

(U COVPLETE:
- (U Joint programwi th USAF in airborne multi-spectral EO Sensor technol ogy and devel op options for USAF Air
Conbat Conmand future sensor devel opnents.

(U I NTIATE:

- (U Devel opnent of system concepts for advanced staring array technology for omi-directional, non-scanning
hi gh performance shipboard | RST for quick reaction ship self defense needs.

- (U Eye Safe laser sensor for range finding, precision track and target ID for use in Navy air-to-air and
surface-to-air engagenents.

(U ($3,000) MULTI - SENSOR TECHNOLOGY:

(U) CONTI NUE:

- (U Milti-function RF Aperture Denonstration Mdel to incorporate radar, ESM ECM Conmuni cati ons and

navi gati on sensor functions in a dual shared/ comon aperture architecture.

- (U Milti-sensor integration and data fusion technol ogy devel opnent utilizing multi-sensor test bed devel oped
in previous year.

(U COVPLETE:

- (U Resource managenent concept and architecture and devel opment of specification for denonstration of the
nmul ti-sensor integration and data fusion processor technol ogy devel opnent.

(U ($1,996) COVMUNI CATI ONS NETWORKS:
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- (U Test and analyze the prototype software for the high performance transport protocol and the QCS I P
enhancenents. Present the results to the | ETF for incorporation in the next generation standards-track

pr ot ocol s.

- (U Incorporate the enhanced transport and |IP prototype software in the ATM network testbed and test their
performance rel ative to existing protocols such as Transport Control Protocol (TCP) and |IP. Conduct tests
enpl oyi ng different ATM machines to determine quality of performance and interoperability.

- (U Investigate technical issues related to ATM use, such as signaling, interoperability robustness, and
ability to support QOS at the application |ayer.

- (U Develop intelligent |ocal agents for heterogeneous nobile network managenent.

- (U Test the design of the QOS Channel Allocation Protocol as part of ATM battl egroup architecture.

e (U (%10,551) RADI O COVUNI CATI ONS
- (U Continue devel opment of key conmuni cations technologies for air, ship and submarines.
- (U Transition the |ow profile buoyant cabl e antenna enhancenment to Space and Naval Warfare Systens
Command PMM 176 for submarine applications.
- (U Configure and install the submarine SHF phased array antenna for testing.
- (U Transition the structurally-enbedded, reconfigurable aircraft antenna array to NAVAIR
- (U Conduct l|aboratory and field tests of the inproved nodem for UHF |ine-of-sight ship communications.
Conpare results with expectations, and define further inprovenents needed in the nodem desi gn and the power
managenent al gorithns.
- (U Denpbnstrate the use of CDMA technologies in Navy tactical networks
- (U Conduct |aboratory and field tests of d obal Broadcase Service (GBS) reception on board Navy ships and
aircraft. Denobnstrate use of back-channel connectivity to the GBS broadcast service.

e (U (%6,120) COWAND SUPPORT:
- (U Continue devel opnent of C2 technologies for distributed real-tine, secure information systens.
- (U Denpbnstrate application software with other Services participation in the virtual collaboratory
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(U Investigate object oriented map storage and retrieval through an integrated data frameworKk.

(U) Continue devel opment of information warfare techniques and integrate into prototype hardware.

(U Integrate, test and evaluate, crises action planning, plan nonitor and repair and col | aborative workspace
a distributed Joint Service test environment.

(%4, 989) NAVI GATI ON:
- (U Continue devel opment of navigation technologies for air, ship and submari nes.

(U Transition the high performance FOG to Naval Sea Systens (NAVSEA) Command for submarine applications.
- (U Conduct l|aboratory testing of the squeezed-state FOG  Conpare test results with conparable data fromthe
hi gh performance FOG
- (U Continue devel opment of technol ogies for integration of advanced el ectronics into strategic subnmarine
navi gati on systens to reduce dependance on dimi ni shing source of supply for ol der conponents.

(U) ($9,793) SPACE/ STRATEG C SYSTEMS TECHNOLOGY:

- (U Continue devel opment of design codes for ballistic mssle design.
- (U Continue devel opment of conputer sinulations and nodels for underwater ballistic mssile |aunch.
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B. (U) PROGRAM CHANGE SUMVARY:
FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: $58, 186 $56, 159 $62,920 $69, 697

(U Adjustnents from 1997 PRESBUDG -1, 652 -1, 424 +2, 646 +1, 729
(U FY 1998/1999 PRESBUDG Submi ssi on: $56, 534 $54,735 $65,566 $71,426
(U CHANGE SUMVARY EXPLANATI ON:

(U Funding: FY 1996 adjustnents reflect a Jordanian F-16 financing rescission (-$67); Internal Navy adjustnents
(+%$1,526); Small Business Innovative Research assessment (-%$2,180) and Execution adjustnent (-$931). FY 1997
adj ustents reflect Congressional undistributed reductions (-$%$2,424); and Congressional Plus up for Wreless/Satellite
(+$1,000). FY 1998 adjustnents reflect reduction to fund Advance Torpedo Technol ogy (-$3,000); Navy Wrking Capital
Fund (NWCF) m nor adjustnent (-%$1,761); S&T adjustment (+$7,485); Mlitary and Cvilian pay (+$90) and inflation
reduction (-$168). FY 1999 adjustnents reflect S&T adjustnent (+$4,336); NWF and minor adjustments (-$2,458);
Mlitary and Cvilian pay (+%$116); and Inflation reduction (-$265).
(U Schedul e: Not applicable.
(U Technical: Not applicable.

C. (U OTHER PROGRAM FUNDI NG SUMVARY:

(U RELATED RDT&E: This program adheres to Tri-Service Reliance Agreenents with oversight provided by the JDL. Work
inthis PEis related to and fully coordinated with efforts in the follow ng PEs:
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PE 0601153N (Defense Research Science)

PE 0601102F (Defense Research Science)

PE 0602101F ( Geophysi cs)

PE 0602102F (Materi al s)

PE 0602702F (Command, Control and Conmuni cati ons)

PE 0603428F (Space Subsystens Technol ogy)

PE 0603789F (C3l Technol ogy Devel opnent)

PE 0601101F (I n-House Laboratory |ndependent Research)

PE 0602204F (Aerospace Avionics)

PE 0602712E (Materials and El ectroni cs Technol ogy)

PE 0602782A (Command, Control and Communi cations (C3) Technol ogy)
PE 0603109F (Integrated Aircraft Avionics)

PE 0603203F (Advanced Avi onics for Aerospace Vehicles)
0602234N (Materials, Electronics and Conputer Technol ogy)
PE 0603217N (Air Systens and Wapons Advanced Technol ogy)

PE 0603253F (Advanced Avionics |ntegration)

PE 0605502F (Small Busi ness | nnovati on Research)

PE 0602204F (Aerospace Avi onics)

PE 0602709A (Ni ght Vision Technol ogy)

PE 0603203F (Advanced Avionics for Aerospace Vehicles)

PE 0603253F (Advanced Avionics |ntegration)

PE 0603270F (El ectronic Conbat Technol ogy)

PE 0603710A (Ni ght Vision Advanced Technol ogy)

PE 0602782A (Comand, Control and Comruni cati ons Technol ogy)
PE 0602702F (Comand, Control Conmuni cations)

PE 0603792N (Advanced Technol ogy Transition)

PE 0603794N (C Advanced Technol ogy)
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(U Advanced Technol ogy Transition is in accordance with the on-goi ng Def ense Technol ogy Area pl anni ng process and
contains no unwarranted duplication of effort anong the Mlitary Departnents.

D. (U SCHEDULE PROFILE: Not applicable.
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(U COST: (Dollars in thousands)

PRQIECT
NUMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
ACTUAL ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTIMATE COWLETE PROGRAM

Readi ness, Training and Environmental Quality Technol ogi es
47,773 47,561 31, 762 33,120 34, 324 35, 313 36, 025 36, 775 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This program el ement (PE) provides generic affordabl e technol ogies
in support of all Joint Mssion Areas/Joint Support Areas (JSA), in particular the JSAs for Readi ness; Manpower & Personnel
Support and Infrastructure; and Training. These JSAs enconpass requirenments for manni ng, operating, and maintaining fleet
assets, and for providing the necessary training, facilities, and equipnent to maintain operating forces in a high state of
readi ness. The PE al so supports the Joint Warfare Strategy "Forward...Fromthe Sea" as well as three of the "Top Five" Futur:¢
Joint Warfighting Capabilities identified by the Joint Chiefs of Staff--in particular, capabilities related to: (a)
conducting limted-objective warfare (e.g., technol ogy for enhancing the perfornmance of special forces personnel, aiding
deci si on makers in highly ambi guous situations, and inproving casualty care); (b) pronptly engagi ng regi onal forces worl dw de
(e.g., technology for deployable training and m ssion rehearsal, and for |ogistics support of anphibious |andings); and (c)
count eri ng weapons of mass destruction (e.g., technology for responding to chem cal and biological threats). This PE
enconpasses the foll ow ng areas:

(U Personnel, Training, and Human Factors technol ogi es enhance the Navy's ability to select, assign, and nmanage its
people; to train effectively and affordably in classroomsettings, in sinulated environments, and while depl oyed; and to
operate effectively in the conplex, high-stress, information-rich and anbi guous environnments of nodern warfare. Technol ogy
devel opnent in these areas responds to a variety of requirements, including: providing nore affordable approaches to trainin
and skill maintenance; managing the force efficiently and maintai ning readiness with fewer people and smaller budgets;

Page 8-1 of 8-18 Pages Exhibit R 2

UNCLASSI FI ED



UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

provi ding warfighting capabilities optimzed for lowintensity conflict and littoral warfare; and operating and mai ntaini ng
i ncreasi ngly sophisticated weapons systens.

(U Medical technol ogi es increase cost savings; inprove safety and enhance personnel performance capabilities under
adverse conditions; enhance di agnosis of nedical emergencies and treatnent of casualties; and prevent costly occupationa
injury and di sease in hazardous environments. Requirenents which support technol ogy devel opnent in these areas include:

i mprovi ng warfighting capabilities through enhanced supply and | ong-term storage of prepositioned nedical supplies such as
bl ood; providing better stress endurance/control for key personnel; and providing enhanced casualty care onboard anphi bi ous
casualty receiving ships.

(U) Logistics technol ogi es increase operational readiness through effective managenent and novenent of supplies ashore ant
at -sea, and advanced techni ques for nore cost-effective construction and mai nt enance of shore and off-shore facilities.
Technol ogy devel opnent in these areas responds to a variety of requirenents, including: providing the |ogistic support needed
to support anphibious | anding; providing the diagnostic technologies that will enable the inplenentation of a condition-based
vs. time-based maintenance phil osophy; and providing a |ong distance |ogistics supply chain with short reaction tine.

(U Environnental quality technol ogi es enabl e sustai ned Navy operations, world wide, in conpliance with all national and
international |aws, regulations and agreenments. Technol ogy devel opnent in this area is in direct support of Chief of Naval
Operations s prioritized Navy user and Sci ence and Technol ogy requirenents and will lead to systenms and processes that wll
provide the Fleet with the capabilities for environnentally conpliant forward presence both ashore and afl oat. Specific
requi rements that support this area include: mnimzing the curtailment of mlitary operations due to ship, shore and aircrafi
conpliance requirenments, utilization of advanced bi osensors to maintain appropriate environnmental quality and provide early
war ni ng agai nst chem cal and biol ogi cal warfare agents; and providing the capability to sustain Naval forces anywhere in a
timely and environmental |y conpliant manner
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(U Due to the sheer volune of efforts included in this PE, the prograns described in the Acconplishnments and Pl ans
sections are representative selections of work included in this PE

(U This PE also seeks to strengthen the educational pipeline vital for maintaining a strong technol ogy devel oprment
capability, by supporting prograns at a wi de range of educational institutions, including Historically Black Coll eges &
Universities, and other Mnority Institutions. |In addition, the PE provides funding for the Navy Science Assistance Program
(NSAP) the purpose of which is to inprove the ability of the Navy' s science and technol ogy community to respond rapidly to
urgent fleet needs. Programs in this PE are jointly planned in the Reliance process with the Air Force and Arny via panels ol
the Joint Directors of Laboratories, the Joint Engineers, the Training & Personnel Systens Science & Technol ogy Eval uation an
Management Committee, and the Arnmed Services Bionedi cal Research Eval uati on and Managenent Conmittee.

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a nmjor
devel opnent effort.

(U) PROGRAM ACCOWPLI SHMVENTS AND PLANS

1. (U FY 1996 ACCOWVPLI SHVENTS:

. (U) ($18,247) PERSONNEL, TRAI NI NG AND HUMAN FACTORS TECHNCLOGY:

- Initiated:
-- (U devel opnment of training concepts and principles unique to virtual environnent based training
syst ens.
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- Conti nued:

)

eval uation of the effectiveness of virtual reality technology (e.g., 3-dinensional audio displays,

i nmersive visual interfaces)in a variety of command and control functions.

-- (U devel opnent of generative adaptive testing techni ques which permt conputer generation of new test
itemns.
- Conpl et ed:
-- (U evaluations of teamtraining strategies that will mnimze the adverse effects of stress on
deci si on- naki ng perfornance.
-- (U devel opnment and evaluation of a multi-criteria network nodel for optimzing assignments in the face

« (U (%$14,689)

of conplex and conflicting assi gnment policies.

VEDI CAL TECHNOLOGY:

- Initiated:

- (U

testing of |iposone encapsul ated henogl obin in conbination with therapeutic agents that
prevent/correct reperfusion injury in henorrhagi ¢ nodels.

-- (U evaluation of a cellular cryoprotectant that elimnates the need for washing frozen bl ood
conponents.

-- (U evaluation of therapeutic drugs/hornmones that nodul ate body tenperature in a sub-freezing cold
i njury nodel

-- (U devel opnment of amiloride fornmula for inproved perfusion of organs for transplant.

-- (U testing of freeze-dried platelets in small ani mal henorrhage nodel

- Conti nued:
-- (U devel opnment of antibody-based enzynes for renpoving Rh determinant fromred cells.
-- (U devel opnent of a therapeutic resuscitation fluid to enhance recovery of organ function in

henor r hagi ¢ shock
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(U devel opnment of bacterial endo-beta-gal actosi dase as a nore efficient enzyne for renoving A

deternminant fromred cells.

(U devel opnent of oxygen delivery enhancer (crocetin) as resuscitation fluid additive.

-- (U evaluation of imunoregul atory nonocl onal antibodies as adjuvants in inflammatory diseases.
- Conpl et ed:
-- (U transition to industry of LToral adjuvant for prevention of mucosal infections.
-- (U transition to industry of DHEA i munoprotectant for use in surgery patients and casualties to
prevent sepsis and pronote wound heali ng.
-- (U transition to industry of a nonoclonal antibody that neutralizes an i munosuppressive factor

produced by casualties.

« (U ($13,496) LOG STICS AND ENVI RONVENTAL QUALI TY TECHNOLOGY:

- Initiated:
-- (U proof-of-concept test and denonstration of best material handling and stowage concepts for ships.
-- (U devel opnent of nmethods to exploit the conbined use of future state predictors and failure
progressi on nodel s in nmechani cal diagnostics.
-- (U devel opnent of a standard stability assessnment procedure for pontoon facilities and prepare an
operational guideline for open ocean use.
-- (U devel opnent of technology for real tine, in-situ identification and characterization of contam nated
marine sedi ments.
-- (U devel opnment of fuel additive technol ogy for gas turbines and diesel engines to reduce NOx em ssions.
- Conti nued:
-- (U treatnent technol ogies for advanced industrial wastewater treatnent facilities.
-- (U advanced fire fighter training facility wastewater and air em ssions treatnent technol ogy
devel opnent .
-- (U biosensors for operations to clear littoral areas.
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t ed:

desi gn of at sea rearming capability for vertical |aunch capable ships.

devel opnent of inproved |ogistic strikedown capability for underway ships.

exhaust treatment technol ogy for reducing NOx emissions fromsnall diesel engines in current Navy
i nventory.

pl asma arc technol ogy devel opnent for shipboard solid waste treatment; transition to FY97 Advanced
Technol ogy Denonstration (ATD) start.

conceptual treatment train technol ogies for contani nated harbor spoils.

copper paint capture technol ogy devel opnent for underwater hull maintenance vehicle.

« (U ($1,341) NSAP:

(Y

(Y

(Y

Conti nue support to the operational Commands in Commrand, Control, Comunications, Conputers,
Intelligence Surveillance & Reconnai ssance (C4l SR) for depl oyed assets - NSAP G obal Tactica
Technical Information Center (GITIC), USS Munt Wiitney C41 link, terra scan METOC data for Carrier
Vessel (CV).

Provi de support to the Fleet/Force in high life cycle cost nmaintenance areas through application of
i nnovative technol ogi es to reduce maintenance frequency, manpower intensiveness, and incorporation
of inthe field retro-fixes as applicable - MK92 Gun Fire Control System (G-CS) expert

di agnostician system high reliable surface ship electrical cable connector.

address Fl eet/ Force operational readiness issues anenabl e by denpnstration and application of
Commercial Of the Shelf (COIs) and energi ng technol ogy solutions - hel met canera systemfor United
State Marine Corps (USMC), towed array inverse beanform ng algorithns, transient acoustic processing
al gorithm processor, |aser alidade navigational systemfor littoral operations, G obal Positioning
System (GPS) data link into 5 inch GFCS, organic surface ship gunnery target, future conpl exi on of
Joint Littoral Air Operations (OPS) technol ogies, conputer pointer/tracker for air surveillance,
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cross deck ARID HUNTER systemfrom United State Air Force platformto carrier air F-14, and COTS
systemto augnent surface ship radar for Non-Cooperative Target Recognition (NCTR).

2. (U FY 1997 PLAN:

. (U (%$22,929) PERSONNEL, TRAI NI NG AND HUVAN FACTORS TECHNOLOGY (| NCLUDES CONGRESSI ONAL PLUS-UPS - | N-FLI GHT
PHYSI OLOG CAL MONI TORI NG TACTI CAL Al RCREW AND TOTAL VEH CLE MANAGEMENT SYSTEM :
- Initiate:
-- (U devel opnment of an integrated decision support and onboard training systemto enhance conmand
tactical decision nmaking during shipboard air defense operations.
-- (U In-Flight Physiological Mnitoring of Tactical Aircrew - Devel opment of real-tinme nmonitoring and
f eedback capability to restore and inprove aircrew response to such stressors as naneuvering
accel eration, high altitude, fatigue and information overload. Transition to Advanced Technol ogy
Crew Station program (PE 0603216N) in FY98
-- (U Total Vehicle Managenent System - Integration of the Iife systemwith the information system of an
aviation crew station, with an enphasis on enhancing vehicle controllability during weapon delivery

at high conbat workload. Transition to Advanced Technol ogy Crew Station program (PE 0603216N) in
FY98.

- Conti nue:

-- (U evaluation of adverse side effects (e.g., notion sickness and postural instability) associated with
t he use of head nounted visual displays.

-- (U devel opnent of interfaces for a decision-centered Conbat Operations Center, to provide Marine Corps
commanders flexible access to information that is tailored for specific situations, and which can
support both analytical and intuitive decision naking.

- Conpl et e:
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

eval uations in operational environnents of experinmental tools to assist decision-nmakers in rapid
situation assessnment under conditions of high uncertainty.

devel opnent and eval uati on of visual-spatial tests to inprove the validity of selection and

assi gnnent batteries by using conputer-based, dynamc tests in addition to traditional verbal
nmul ti pl e choice tests.

devel opnent and denonstration of dynami c ocean display graphics optimzed for instruction in
Distributed Interactive Sinulations involving dissimlar training devices and shal | ow wat er
scenari os.

* (U ($13,494) MED CAL TECHNOLOGY (| NCLUDES CONGRESSI ONAL PLUS-UP - BI OLOd CAL PROTECTI ON FOR CASUALTY REDUCTI ON):

- Initiate:

(Y

(Y
(Y

(Y

(Y
(Y

prograns to deliver underseas nedicine products that enhance the safety of Navy divers and
submariners, and extend the diving operational envelope by permtting faster deconpression and/or

| onger bottomtines.

devel op underseas nedi ci ne prograns that lead to preventive and treatnent nethods for oxygen
toxicity and enhanced protocols for inproving submarine rescue scenari os.

nm ssi on performance enhancement studies by investigating cognitive, effective, and perfornmance

i npacts related to sleep disturbances of operational significance in mssion performance. Validate
t he nmai ntenance of an alertness test as a neasure of stinulant effects during sleep deprivation.
sust ai ned operations/ human perfornmance enhancenent studies to evaluate and deterterm ne underlying
nmechani sms necessary to prevent performance decrenents during sustained operations in extrene

envi ronment s.

research to address the inpact of chronic exposure to induced body currents from Radi o Frequency
radi ati on and devel op techniques to aneliorate adverse hunan health effects.

research to identify biomarkers of cardiac sensitization asociated with exposure to refrigerants
and fire suppression materials and to devel op preventive neasures. |Initiate research to understand
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

t he bi omechani sns i nvol ved with exposure to sel ect neurotoxicants used in Navy operationa

envi ronment s.

Bi ol ogi cal Protection for Casualty Reduction - Devel op a diagnostic tool for use in forward nedi ca
facilities needed to establish a treatnent regine. Monitor systens that could be used to sanple and
verify that BWagents had been used in violation of international agreenents. Devel op
count er reasures, both protective and therapeutic, to protect the war fighter and nedi cal personnel
Identify materials and systens to renpve contamination and restore operational capabilities.

research and devel opnent into supportive based resuscitation fluids that are able to stabilize
conbat casualties and pernit delay of definitive treatnent.

research and devel opnent into preventive and therapeutic regimens/nodalities that prevent, protect,
and reduce ischemic and reperfusion injuries subsequent to conbat trauma and henorrhage.

devel opnment of anti body-based enzynes for renoving Rh deternminants fromred cells and nore efficient
recomnbi nant enzynes for renoving A antigen fromred cells to produce universal donor transfusion

bl ood units.

eval uati on of inmunoregul atory nonoclonal antibodies as adjuvants in inflamatory di seases rel ated
to conbat injury conplications.

research with oxygen-carrying blood substitutes fornulated to provide oxygen delivery to tissues and
organs, and to prevent reperfusion injuries in henorrhagic aninmal nodels in order to devel op
reginens for treating i schemi a and providing protected reperfusion

e (U (%9,309) LOG STICS AND ENVI RONVENTAL QUALI TY TECHNOLOGY
Initiate:

(Y

(Y

devel opnent of supercritical fluid extraction technology for advanced shi pboard bil gewat er

treat nment.
el ectrochem cal technol ogy devel opnent for pretreatnent of shiphlard Iiquid wastes.
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PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

devel opnment of enhanced net hodol ogy for copper speciation and fate in site-specific marine

wast e/ sedi nent syst ens.

devel opnent of dry dock paint application control, overspray reduction and col |l ection technol ogi es
for automated ship painting.

devel opnent of decontam nation surface cleaning technology for PCBs and ot her toxic/hazardous
subst ances.

devel opnent of environnentally benign substitute lubricant for aircraft carrier steamcatapult
syst ens.

devel opnent of a fiber optic strain technol ogy-based nondestructive evaluation (NDE) nethod to
eval uate the condition of synthetic fiber ropes.

devel opnent of concurrent engineering techniques and requirenments for testability of HMRE equi pnent.

- Conti nue:

(U

- (Y
- (Y
- (Y

bench scal e testing and devel opi ng design paraneters required for Industrial Waste Treatnent Pl ant
to nmeet future Navy requirenents.

devel opnment of fuel additive technology for NOx reduction ingas turbine and di esel engines.

devel opnment of new sensors and sensing techniques for condition based mai nt enance.

i nvestigation of the use of neural networks for analyzing and predicting conmponent |oads and
detecting faults in helicopter rotor systens.

- Conpl et e:

)
()

nodel testing of pier fendering systemto enable accurate prediction of forces exerted upon piers
during berthing operations.

feasibility study and design criteria for advanced nodul ar |ighterag systemin discharging cargo
duri ng anphi bi ous operati ons.

(U) ($568) Portion of extramural programreserved for Small Business |Innovation Research assessment in accordance

with 15 USC 638.
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FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

continue support to the operational Comands in C4l SR for depl oyed assets - continue refinenent of
NSAP GITIC, develop Persian Qulf Infonet Wrld Wde Wb based allied state i nformation server for
Persian @ulf Area of Responsibility, support Tactical Evaluation of Viasat Advanced Data Controller
for |ow Biological Warfare, ship-shore satcoms to support anphibious ops.

provi de support to the Fleet/Force in high life cycle cost nmaintenance areas through application of
i nnovative technol ogi es to reduce maintenance frequency, manpower intensiveness, and incorporation
of inthe field retro-fixes as applicable - provide neans to reduce Hummm Vee box franme corrosion,
devel op surface ship long life notor/bushing seals, develop Condition Based Mi ntenance technol ogy
for H3 helos, and evaluate fiber optic lighting in hazardous spaces on CV and to reduce bulb

repl acement.

address Fl eet/Force operational readi ness issues anmenable by denmonstration and application of COTs
technol ogy solutions - provide thesis studies to address technol ogy based readi ness i ssues, conplete
installation of AUTOEYE CAPS on Commander Task Force 67 asset, devel op COTS GPS depth collector for
surface ships, provide technol ogy for inproved night periscope capabilities, conplete live fire
eval uation of Ship Deployabl e Surface Target & 2nd-Phase devel opment of this system concl ude
surface radar enhancenents for NCTR project, provide subnmarine tactical infornmation nanagenent
systemfor littoral operations, support COVWNAVAI RPAC initiative for next generation strike warfare
assessnent of technol ogy, and investigate sports nedicine protocols for reduced USMC OCS attrition.

e (U (%19, 215) PERSONNEL, TRAI NI NG AND HUMAN FACTORS TECHNOLOGY:
- Initiate:

(Y

devel opnent of conputer-based tools to inprove the Navy s force managenent capabilities
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PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

feasibility eval uation of continuous speech recognition technology for the devel opment of a virtua
instructor for training conplex teamskills.

- Conpl et e:

- (U
-

(U
S
S
S

- (Y

eval uation of the perceptual effects of altered rel ationshi ps between visual, haptic and auditory
inputs using virtual reality interfaces.

devel opnent of specifications for a sonar enploynent training systemw th inproved instructiona
capability and reduced initial cost, achieved through real-tinme simulation of tactical sonar signa
processing in COTS hardware

devel opnent of guidelines for contextualized, conputer based training of Basic Electricity and

El ectronics skills.

devel opnent of non-cognitive selection tools, such as perfornmance-based neasures of personality
and notivation, which can predict the future success of naval enlisted personnel.

integration of teamtraining strategies into a prototype tactical decision support system and
transition the product into the AEA S conbat system

devel opnment of advanced human conputer interface technologies for nultinedia presentation of
tactical information in a Marine Corps conbat operations center, thereby inproving tactical data
fusion and visualization.

devel opnent of advanced headphone di splays for three-di nensional presentation of sonar infornation
to inprove target |ocalization.

« (U (%11, 257) MDI CAL TECHNOLOGY!
- Conti nue:

)

research and devel opnent into supportive based resuscitation fluids that stabilize conbat casualties
and delay definitive treatnent; transition optinmal fornulation to advanced devel opnent initiatives.

Page 8-12 of 8-18 Pages Exhibit R-2

UNCLASSI FI ED



BUDGET ACTIVITY:

2

(V)

(Y

(Y
(Y

(Y
(Y
(Y

(Y

(Y
(Y

UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997
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PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

research and devel opnent in therapeutic regimens/nodalities that reduce ischem c and reperfusion
injuries subsequent to conbat trauma and henorrhage and transition defined reginmen into advanced
devel opnent and | arge ani nal testing nodels.

devel opnent of reconbi nant enzymes for removing A antigen fromred cells to produce universal donor
transfusion blood units and transition enhanced enzymes to advanced devel opment for universal donor
red cells.

eval uation of immunoregul atory nonocl onal anti bodies as adjuvants in inflammtory diseases rel ated
to conbat injury conplications.

research with oxygen-carrying blood substitutes fornmulated to prevent reperfusion injuries in
hermorrhagi ¢ ani mal nodels and transition oxygen carrying substitutes with protected reperfusion
nodi fications to advanced devel opnent for |arge animal testing.

prograns that extend the diving operational envel ope by pernmtting faster deconpression and/ or

| onger bottomtines.

under seas nedicine prograns that |ead to preventive and treatnent nethods for oxygen toxicity and
enhanced protocols for inproving submarine rescue scenari os.

nm ssi on performance enhancement studies for cognitive, affective, and perfornmance inpacts of
operational significance; validate the nmmintenance of an alertness test as a neasure of stinulant
ef fects during sleep deprivation

sust ai ned operations/ human perfornmance enhancenent studies to evaluate and

det erm ne underlyi ng nmechani sns necessary to prevent perfornance decrenents during sustained
operation in extreme environnents.

research to address inpact of exposures to induced body currents from RF radiati on;

devel op techniques to protect and/or aneliorate adverse human health effects.

research to understand the bi onmechani snms invol ved with exposure to sel ect neurotoxicants used in
Navy operational environments.
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PROGRAM ELEMENT: 0602233N
PROGRAM ELEMENT TI TLE: Readi ness, Training and Environmental Quality Technol ogy

continue support to the operational Comands in C41 SR for depl oyed assets.

provi de support to the Fleet/Force in high life cycle cost nmaintenance areas through application of
i nnovative technol ogi es to reduce mai ntenance frequency, manpower intensiveness, and i ncorporation

of inthe field retro-fixes as applicable.

address Fl eet/Force operational readi ness issues anenabl e by denonstration and application of COTs
t echnol ogy sol uti ons.

* (U (%$20,093) PERSONNEL, TRAI NI NG AND HUMAN FACTORS TECHNOLOGY:
- Conti nue:

(Y

devel opnent and eval uati on of unconventional visual, auditory and haptic cueing techniques to
enhance | earni ng of conpl ex perceptual -notor skills.

- Conpl et e:

(Y
(Y
(Y
(Y
(Y

| aboratory eval uati on of candidate instructional strategies and nmeasurenent techniques for aircrew
si tuational awareness.

denonstrati on and eval uation of |arge flat panel displays for use in aviation mssion planning,

nm ssi on rehearsal and training systens.

devel opnment of neasures and nodels to inprove the Navy s ability to predict fleet readi ness based on
trai ni ng and manpower resources expended.

devel opment and transition of a prototype tactical decision support systemto the Joint Maritinme
Command | nformation System (JMCI S).

devel opnment of design guidelines for a Conbat Supervisory Support Systemthat provides for reduced
shi pboard manni ng and i ncreased automati on, and supports the use of reconfigurable, collaborative
task teans.
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e (U (%11,711) MED CAL TECHNOLOGY:
- Conti nue:

(Y

(Y
(Y
(Y

(Y
(Y

(Y
(Y
(Y

research and devel opnent into supportive based therapies that permt del ayed resuscitation and
stabilization of casualties through techniques involving hypothernia, hibernation and suspended
ani mat i on.

devel opnent of therapeutic reginmens/nodalities that prevent reperfusion injuries subsequent to
conbat trauma and henorrhage using pol ynitroxyl ated nacronol ecul es.

eval uation of imunoregul atory nmonocl onal antibodies as adjuvants in inflamuatory di seases and
transition studies to |arge ani mal nodel s.

research with bl ood substitutes formulated to provide oxygen delivery, prevent reperfusion injuries
and enhance recovery from del ayed resuscitation techni ques in henorrhagi c ani mal nodels; transition
pol yni troxl yat ed macronol ecul e therapies to advanced devel opnent for |arge aninmal testing.

research to extend the diving operational envelope by pernmitting faster deconpression and/or |onger
bottomtines through novel biochenical based deconpression

under seas nedicine prograns that lead to preventive and treatnment nethods for oxygen toxicity and
enhanced protocols for inproving submarine rescue scenarios that incorporate biochem ca

deconpr essi on

m ssi on performance enhancenent studies by investigating cognitive, affective, and performance

bi onedi cal interventions of operational significance; validate inpact of interventions.

nmechani sms research to prevent perfornmance decrenents during sustained

operations in extreme environnents inplenenting bionedical and pharnacol ogi c interventions.
research in chronic exposure to induced body currents from RF radi ati on and devel op

techni ques to aneliorate adverse hunman health effects through physical and/or biol ogica
protections.
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-- (U research to identify biomarkers of cardiac sensitization associated with exposure to refrigerants
and fire suppression materials and to devel op preventive neasures; determ ne applicability of heart
rate variosity analysis to identifying adverse inpact of toxicants.

* (U ($%$1,316) NSAP:
-- (U continue support to the operational Commands in C41 SR for depl oyed assets.
-- (U provide support to the Fleet/Force in high Iife cycle cost nmaintenance areas through application of
i nnovative technol ogi es to reduce maintenance frequency, manpower intensiveness, and incorporation
of inthe field retro-fixes as applicable.
-- (U address Fleet/Force operational readiness issues anenable by denobnstration and application of COTs
t echnol ogy sol uti ons.

B. (U PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY 1999

(U FY 1997 President s Budget: 47,676 40, 828 43, 320 47,212

(U Adjustnents from FY 1997 PRESBUDG +97 +6, 733 -11, 558 -14, 092

(U FY 1998 President s Budget Submi ssion: 47,773 47,561 31,762 33,120
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(U CHANGE SUMVARY EXPLANATI ON:

(U Funding: The FY 1996 decrease resulted in a reductions for the Jordanian F-16 financing rescission (-55); from
transfer of SBIR funds (-235); and actual execution (+387). The FY 1997 increase results from Congressional plus-ups
for In-Flight Physiological Mnitoring of Tactical Aircrew (+3,300), Biological Protection for Casualty Reduction
(+3,600); Total Vehicle Managenent System (+2,000); and from Congressional Undistributed Reductions (-2,167). FY 1998
reduction results froma realignment transferring Logistics and Environnmental Quality technology fromthis program

el ement to PE 0602121N (-9,288); fromair and surface restructuring (-1,000); from BRAC/ IV Transfer of NPRDC (-1, 000);
from NWCF and minor adjustnments (-204); inflation adjustnments (-80); and fromMlitary and Gvilian Pay Rate
adjustnments (+14). FY 1999 reduction results fromthe Logistics and Environmental Quality realignnent (-9, 985); funds
transferred fromthis PE to Advanced Technol ogy Denonstrations PE (-2,729); from BRAC/ |V Transfer of NPRDC (-1, 000);
from NWCF and minor adjustnments (-272); frominflation adjustnents (-123); and fromMlitary and GCvilian Pay Rate

adj ust ments (+17).

(U Schedul e: Not applicable.
(U Technical: Not applicable.
C. (U OTHER PROGRAM FUNDI NG SUMVARY: Not applicable.
(U RELATED RDT&E:
(U PE 0601152N (I n-House Laboratory | ndependent Research)
(U PE 0601153N (Def ense Research Sci ences)

(U PE 0602232N (Space and El ectronic Warfare (SEW Technol ogy)
(U PE 0603706N ( Medi cal Devel opnent (Advanced))
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PE 0603707N ( Manpower, Personnel and Trai ni ng Advanced Technol ogy Devel opnent)
PE 0603712N (Environnental Quality and Logi stics Advanced Tehnol ogy)

PE 0602202F (Human Systens Technol ogy)

PE 0602205F (Personnel, Training and Sinul ation)

0602716A (Human Factors Engi neering Technol ogy)

PE 0602727A (Non-System Trai ni ng Devi ce Technol ogy)

PE 0602785A ( Manpower, Personnel and Trai ni ng Technol ogy)

PE 0602787A (Medi cal Technol ogy)

cccceccee
Y]
m

This PE adheres to Tri-Service Reliance Agreenents on Training Systens, Manpower & Personnel, Human Systens Interface,
Medical, CBD, Civil Engineering, and Environmental Quality. Oversight is provided by the Joint Directers of
Laboratories, Training and Personnel Systens Science and Technol ogy Eval uati on Managenent, Armed Services Bi onedi cal
Research Eval uati on and Managenent, and Joi nt Engi neers.

D. (U SCHEDULE PROFILE: Not applicable.
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(U COsT: (Dollars in Thousands)

PRQIECT
NUMBER &  FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE ESTI MATE COVPLETE PROGRAM

Materials, Electronics, and Conputer Technol ogy
78, 105 84, 724 76, 653 87, 445 92, 289 93, 708 95, 099 97, 372 CONT. OCONT.

A, (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This Program El enent (PE) provides exploratory devel opment to
support all Navy advanced weapon and pl atform system concepts and needs in the areas of nmaterials, electronics, and conputer
technol ogy. Devel opnental tasks address significant inprovenents in terns of affordability, performance, reliability,

envi ronmental inpact, and advanced distributed manufacturing to effect transition of advanced technology to the Navy fleet.
Devel opment efforts are part of an integrated Departnent of Navy Science and Technol ogy process nanaged by the O fice of Naval
Resear ch

(U This PE devel ops enabling technol ogi es to support nobst Joint Mssion Areas, for exanple
e (U Joint Strike: advanced thernmal managenent materials for nost platfornms to reduce wei ght and cost.

e (U Littoral Warfare: acoustic signature reducing naterials, torpedo warhead materials, fiber optic sensors, vacuum
el ectronics, solid state | ow noise anplifiers, conplex systens engi neering, and high performance conputing.

e Joint Surveillance: real-time targeting, connectivity, counter-janmm ng and deception, infrared sensors, broadband
adaptive transmtter/receiver nodul es and control conponents, fiber optics technol ogy, high performance
conputing, and artificial intelligence.

e (U Space and Electronics Warfare/lntelligence (SEWI): Ilightweight and radiationhard satellite materials, radio
frequency (RF) solid state devices, high performance conputing, conplex systenms reengineering, software engi neering
envi ronments, human conputer interaction, security and assured conputing approaches and tools, and expert system
t echnol ogy.

e (U Strategic Deterrence: advanced ballistic missile launcher materials, RF solid state devices for secure
communi cati ons, engineering of conplex systens, and hi gh performance conputi ng.
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* (U Forward Presence issues: high tenperature pavenents for advanced aircraft, RF solid state devices for secure
communi cati ons, high power transmtters for precision strike, high performance conputing, and decision aids.

e (U Maritine Support of Land Forces: devel opment of advanced distributed manufacturing capabilities and advanced
long-life materials for repair of aircraft at sea

(U In addition, this PE directly underpins the Readi ness Joint Support Area and Support and Infrastructure Joint
Support Area especially in the domains of affordability, environmental quality, and logistics. Prograns include
environnmental |y acceptable coatings for both aircraft and ships and the mai ntenance of the Navy pier and wharf infrastructure
for surge capacity. This PE also contributes to | ower systemlife-cycle costs through devel opnent of technol ogi es that
reali ze nore conpact, l|ighter weight electronic conponents, and reduction of cost, schedule and operational manpower in
conputer-centric systens.

(U This PE supports the Ofice of the Secretary of Defense (OSD) Science and Technol ogy (S&T) Investnent Strategy in
the followi ng Future Joint Warfighting Capabilities: Real-Tine Know edge of the Eneny, Pronpt Engagenent of Regi onal Forces
on G obal Basis, Lower-End Actions, Space Control, and Countering Threat of Wapons of Mass Destruction; materials projects
support affordabl e perfornmance increases in radones, infrared wi ndows, advanced engi nes, and platform signature reduction to
al | ow achi evenment of military objectives with mininmmcasualties and col |l ateral danage; materials prograns directly support
i ghtwei ght, survivable satellite and spacecraft thermal control materials to positively affect the U S. ability to contro
space usage. The PE is an integral part of the follow ng Departnent of Defense (DoD) Technol ogy Areas: Materials and
Processes, Electronics, and Information Systens Technol ogy. As a foundation technology area it has inpact in nost other DoD
technol ogy areas as wel .

(U Due to the sheer volune of efforts included in the PE, the prograns described in the Acconplishnents and Pl ans
sections are representative selections of the work included in the program

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.
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(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted wi thin the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications towards solution of specific Naval problens, short of a nmjor
devel opnental effort.

(U) PROGRAM ACCOWPLI SHMVENTS AND PLANS:

1. (U FY 1996 ACCOWVPLI SHVENTS

* (U (%$853) SHORE FACI LI TI ES MATERI ALS.
- (U Conpleted field trials of high tenperature pavenents that are six tines nore resistant to AV-8B exhaust
tenperatures and vel ocities which should elimnate costly procurenent and engi ne forei gn object damage repair.

* (U (%8,048) Al RBORNE MATERI ALS.
- (U Denonstrated growth and polishing of 1.5 mm (.060 in.) thick, 72 nm (2.84 in.) dianeter dianmond done for
an hypersonic (Mach 4+) missile infrared seeker applications.
- (U Conpl eted devel opnent of cast ganma titanium alum nide for aircraft engine high pressure conpressor
bl ades and vanes and | ow pressure turbines to replace superalloys for a 40% conponent wei ght savings.

- (U Conpleted investigating low toxicity, high tenperature resins for conposite materials to replace PVR 15
resins in naval aircraft applications.

- (U Attained a 15% toughness inprovenent in AerMet 100 steel through process control. This will permt
greater margins of safety in naval applications of this steel, e.g., F/A-18E/ F | anding gear and F-14 wi ng pivot
pi ns.

* (U (%8, 768) SEABORNE MATERI ALS.
- (U Continued devel opnent of anti-fouling, environmentally conpliant hull coatings.
- (U Continued evaluation of continuous cooling transformation diagrans for 100, 000 pound yield strength high
strength low alloy hull steels needed to control netallurgy and hydrogen cracking of welds in hulls.
- (U Conpl eted devel opnent of | ow strength (65,000 I b/sg-in tensile strength) low alloy steel to | ower the
cost of aircraft carrier construction by elimnation of needs for welding preheat and post-wel di ng heat
treat ment.
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- (U Compl eted devel opnent of advanced liner material for shipboard vertical |aunch systens.

« (U (%2,339) M SSILE/ SPACE MATERI ALS.
- (U Conpleted fabrication, ablation screening and initial aging studies of candidate replacenent heat shield
materials for Mi4/ M5 Reentry Bodies to address the non-availability of current naterial and neet the
presidential nmandated |life extension to 60 years.
- (U Conpleted payoff study for ceram c conposite propul sion materials applicable to Theater M ssile Defense
systens divert and attitude control conponents. These naterials will replace costly rheni umbased materials.

e (U (9%9,265) MITI-M SSI ON MATERI ALS.
- (U Conpleted concept validation of the renotely addressable, enbedded sensor concept using RF energy to
energi ze sensors in resin-matrix conposite materials and transmt sensor information to external receivers
elimnating the need for wire attachnent to external systenms and initiated phase |l project to devel op sensors
and detectors.
- (U Conpl eted devel opment of high tenperature superconductor wire for nmotor magnet w ndings and test in a
superconducti ng notor and denonstrated operation in a superconducting honopolar notor. Hi gh tenperature
superconductors will permt notor application at liquid nitrogen rather than liquid heliumtenperatures (77 K
(-196° O vs. 20 K (-253° Q).
- (U Conpleted a study to apply laser counterneasure materials developed in the Laser Hardening programin the
Next Ceneration Stinger.

- (U Established a cooperative research agreenent and patent |icense for the application of tubul e-based,
bi onol ecul arly derived controlled release materials anti-fouling and m | dew control coatings.

* (U (%$7,187) RF SOLID STATE DEVI CE AND CONTROL COMPONENTS.
- (U Continued devel opment of InGaAs/InP heterostructure power H gh Electron Mbility Transistors (HEMS)

(i ncludi ng power and power conbining conponents) for use in Wde-band active aperture phased array conponent
devel opnent .

- (U Continued devel opment of silicon carbide static induction transistor devices and structures that exhibit
10 Watts(W of continuous power and air-bridged static induction transistors that exhibit 160watts of
continuous power for Navy systens applications such as AEQ S.
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- (U Initiated devel opnent of high power (20KW ultra high frequency (UHF) circulators for shipboard

communi cati ons applications, especially for integrating multiple systenms within a cormmon aperture.

- (U Continued devel opnent of 18-40 GHz Mnolithic Mcrowave Integrated Crcuit (MMC) Driver for MIIlineter
Wave (MWN Power Mdul e for use in decoys and extendi ng frequency range of the SLQ 32.

- (U Conpleted denonstration of fixed frequency superdirective array for inproved direction finding for snall
di ameter anti-radiation nmissile seeker applications.

- (U Continued devel opnent of high dynam c range, wi de band Low Noise Amplifier (LNA) with very high second
and third order internodul ation intercepts.

* (U (%$12,907) VACUUM ELECTRONI CsS.
- (U Continued extension of Mcrowave Power Mdule (MPM concept to higher frequencies with the devel opnent of
MMV (20-40 GHz, 50-W power nodul es.
- (U Conpl eted devel opnment of MPM capabl e of producing in excess of 25 watts CW(within Gband) at extrenely
hi gh efficiencies for use in an airborne antenna conformal to an E2C.
- (U Conpleted and distributed beta test version of the MIlimeter Wave Advanced Conputational Environment
(MVACE) 2-dinmensional Research and Engi neering Framework (REF) with a prelimnary design tool set selected for
the design of a helix traveling wave tube (TW).
- (U Continued devel opnent of high power density Mcrowave (MAN w ndow technol ogy using man-nmade di anond. This
technology is central to needed performance i nprovenents in several Navy systens
- (U Initiated the devel opnent of a hi gh-power Wband gyro-klystron supporting defense interests in space object
identification, ballistic mssile defense, |ong range command gui dance and non-cooperative target identification.

* (U (%6,560) ELECTRO-OPTICS (E/ O TECHNOLOGY.
- (U Continued devel opnent of fiber optic beanformer for phased array radar systens with enphasis on fast
wavel ength tuning of source, large dynamc range, and field testing of system especially as related to the
Advanced Technol ogy Devel opnent (ATD) on shi pboard El ectronic Counter Measures (ECM transmitter for ship
def ense.
- (U Continued md-Infrared fiber devel opment to reduce inpurity loss to <.5 dB/m total loss <1.0 dB/m and,
i ncrease nmechanical strength to >75 ksi to support Electronic Warfare and hazardous waste detection
appl i cations.
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- (U) Conpl eted devel opnent of 128 x 128 adaptive Infrared Focal Plane Array (IRFPA) with on-chip el ectronics
to enhance the dynamc range to 120 dB and to inpl enent offset nonuniformty correctionand initiated

devel opnent of 256 x 256 adaptive |RFPA also with high dynam ¢ range orchip electronics to inplenent onchip
nonuni formty correction and prelimnary filtering functions.

- (U Conpl eted devel opnent of color-discrimnating infrared (IR) detectorsand initiated devel opnent of

128x128 col or discrimnating | RFPA
- (U Continued devel opment of GalnSb/InAs superlattice based detectors as an alternative to HgCdTe- based

detectors for higher tenperature operation at |onger wavel engths.
- (U Conpl eted devel opnent of 64x64 dual -band | RFPA and initiated devel opnent of 256x256 dual band | RFPA

« (U (%6,307) M CRCELECTRON Cs
- (U Continued devel opnent of three dinmensional (3D) circuits on Silicon-on-Insulator (SO) with enphasis on

Reduced I nstruction Set (Rl SC) processor.
- (U Continued devel opnent of analog front-end of 16 bit, 125 negasanpl e/ sec anal og-digital converter for Ant

Submari ne Warfare (ASW applications.
- (U Continued devel opment of 100x100 synapse, 100 neuron anal og self-learning artificial neural network.

- (U Continued devel opnent of analog Very Large Scale Integrated (VLSI) circuits for co-site interference
cancel | ati on applications.

e (U (%1,886) ELECTRONI C AND E/ O MATERI ALS
- (U Continued devel opnent of w de bandgap I11-V seniconductors such as GaN and AIN which will involve a

conbi nation of nmaterials growh, device structure fabrication, and characterization to produce blue and ultra

violet (UV) lasers and high power, high tenperature operation of RF devices.
- (U Conpl eted devel opnent of techniques for growh of unstrained I nGaAs/ | nAl As heterostructures on GAs

substrates by neans of conpositionally graded |layers acting as dislocation filters. The devices will be used

for secure communications with applications to nilitary and civilian users.
- (U Conpleted contractual activity to denonstrate narrow band (less than 1 percent) high tenperature
super conducti ng bandpass filters capable of handling nore than ten watts of incident MNpower and initiate
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programto fabricate and characterize high tenperature superconducting thin filnms optim zed for high power MN
conmponent s.

- (U Initiated single-precursor growmh of cubic silicon carbide substrates. The goal is to provide a nethod
for producing | ow defect density substrates used in Navy high power RF el ectronics.

* (U (%3,166) H GH PERFORMANCE COVPUTI NG ( HPC) .
- (U Conpleted sea trial (TB-29) with | aboratory hardened submarine towed array al gorithnms using Comerci al -
O f-the-Shel f (COTS) hardware.
- (U Denobnstrated the capability of Processing G aph Method Tool (PGMI) to place Multiple Instruction Miltiple
Data (M MD) parallel conputers using static scheduling under Precision Guided Minitions (PGY.
- (U Initiated the design of a Digital Library for the Warrior using parallel conputers and denonstrate
paral l el inage/video servers. Installed and worked with early research products fromthe Defense Advanced
Research Projects Agency (DARPA)/ National Science Foundation (NSF)/National Aeronautics and Space Agency (NASA)
Digital Library program

e (U (%$2,700) ARTIFICIAL | NTELLI GENCE AND HUVAN COVPUTER | NTERACTI ON
- (U Denobnstrated the application of nmachine |earning techniques for devel oping nore reliable robotic
sof twar e
- (U Redesigned multi-node interfaces using new interaction techni ques and conducted eval uati on experiments.
- (U Applied speech understanding | essons |earned from Eucal yptus to a nodel for speech control in virtua
environnents to enhance operator effectiveness.
- (U Denopnstrated range-based sensing and control in nobile robots, suited to surveillance and other m ssions.
- (U Assessed alternative approaches to the nmanagenent of |arge and dynanmic casebased nenories, integrate
nodel - and case- based reasoni ng; explore novel uses of cases viewa as active agents using a strict
obj ect-oriented nodel; these are key issues to nmaking this approach effective in tine constrai ned environments.

* (U (%4,727) ENG NEERI NG OF COVPLEX SYSTEMS ( ECS)
- (U Rel eased DESTI NATI ON prototype, a software tool for automated specification and exploration of conplex
processor-intensive systens, including advanced capabilities to performsystem|evel design capture, design
optim zation, and structuring and restructuring in a coherent, seanl ess manner. Hierarchical capabilities wll
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al | ow mani pul ati on of various |levels of system design, conponent, and environnent representations. Included are
proven tailorable objective functions based on different measures of-effectiveness criteria to ensure that
systemrequirenents are affordable for the systems projected life. Transition to Surface Conbatant Surface
Conbat 21st Century (SC21) program

- (U Delivered prototype translator of CM5-2 (including enbedded assenbly | anguage) to Ada. Conpl eted and
denonstrated test on actual Navy CMS-2 code. Highest success is with unconplicated algorithns free from

i nput/ out put.

- (U Devel oped Software Infostructure through formalization of a Conmon (bject Request Broker Architecture
(CORBA) reusabl e conponent strategy. Develop and denonstrate WorldWde-Web (WMWY and Java- based interfaces to
Infostructure tools to assure portability while addressing potential security issues.

* (U (%$3,392) ADVANCED DI STRI BUTED MANUFACTURI NG DEMONSTRATI ON
- (U Continued devel opnent of neasures of effectiveness for distributed manufacturing and virtual managenent
of distributed manufacturing, exploration of new manufacturing technol ogies for Navy application in distributed
net wor ks, application of virtual and distributed nanagement to software devel opnent and software reuse in
cooperation with government needs, docunentation of mlitary-rel ated successful virtual nmanagenment nodels for
Virtual Managenent Workshop (Congressional add of $3.5 nmillion).

2. (U FY 1997 PLAN

e (U (%$3,000) SHORE FACI LI TI ES MATERI ALS
- (U Initiate programto engi neer |unmber conposed of wood products, polyners, carbon fibers and adhesives for
long life, environnentally benign, and | ow cost shore applications such as fender pilings (Congressional add of
$2.5 nmillion).
- (U Conplete establishnment of criteria for the cathodic protection of Navy pier substructures in the marine
spl ash zone usi ng enbedded anodes and netallized zinc systens for 50-75% 1 onger pier life and | ower naintenance
cost and including ship protection from pier cathodic systens to avoid costly ship hull danmage.

« (U ($9,602) Al RBORNE MATERI ALS
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- (U Initiate a project on the plasma quench process to produce |ow cost titanium powder for aircraft
conponents (Congressional earmark of $2 nmillion).

- (U Initiate programto qualify new conposite naterials for use in naval aircraft primary and secondary
structures.

- (U Conplete material and fabrication concept for a switchable (electrically conductive to non-conductive)
nmssile radome to shield internal antennas from RF energy.

- (U Transition conductive polymer conposite technology into F414 engine front frame for subsequent production
qualification of the engine front frame elimnating the need for additional coatings and coating wei ght.

- (U Conplete denonstration of 1500 F nickel superalloy disk and orthorhonbic titani umcapable of functioning
with the higher cooling air tenperatures of the Phase Il Integrated Hi gh Performance Turbi ne Engi ne Technol ogy
denonstrati on engi nes.

- (U Conpl ete devel opment of an encapsul ated, roomtenperature storable adhesive for shipboard repair of
aircraft, including higher tenperature, bismaleimde conposites to provide the Navy Fleet with an alternative to
the short lived, costly, and |ogistically burdensome adhesives that require continuous col d storage.

(U) ($11, 730) SEABORNE NMATERI ALS

- (U Initiate programto use intelligent processing nmethods for advanced conplex materials to reduce cost.

- (U Conpl ete devel opment of hydrogen control nmethods in welding materials and processes to elinminate hydrogen
cracking in ship/submarine wel ded structures for nore affordable hulls and processes.

- (U Conplete field testing of biofouling and other fouling resistant gray-water filter menbranes for ship
appl i cation.

(U) ($3,430) M SSI LE/ SPACE MATERI ALS

- (U Conplete Phase Il of the Robust Processing Programin which high thermal conductivity carbon fibers are
incorporated in netal thermal planes for a 50% i ncrease in heat renoval from el ectronic nodul es acconpani ed by a
30% decrease in thermal plane weight.

- (U Conplete nechanical, thermal, ablation, and noisture (aging) characterization of replacenent heat shield
mat eri al s.

(U) (%5, 246) MILTI-M SSI ON MATERI ALS
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- (U Complete engine durability testing of stabilized zirconia thermal barrier coatings in marine turbine

engi nes to provide at |east 50% greater resistance to vanadate attack from | ower grade oils than current

zirconi a coatings.

- (U Establish the capability to renpotely address enbedded sensors in conductive carbon-fiber conposites using
RF energy.

- (U Conplete the devel opnent of non-linear |aser protective materials based on phthal ocyani ne and conti nue
materi al s devel opment for both eye and sensor protection fromagile (tunable) |asers.

- (U Establish material processes for new high strain sensor actuators.

* (U (%$3,328) RF SOLID STATE DEVI CE AND CONTROL COVPONENTS
- (U Conplete 18-40 GHz MM C Driver for MWV Power Mdul e for use in decoys and extendi ng frequency range of
SLQ 32.
- (U Initiate devel opment of |InP/InGAs heterojunction bipolar transistors for application to pul sed Ka-band
phased arrays.
- (U Initiate devel opment of 100 kW(peak) Wband dupl exer for Navy s 94 GHz radar program

e (U (%14,564) VACUUM ELECTRONI Cs.
- (U Conplete extension of MPM concept to higher frequency by devel opment of MWV (1840GHz, 50-W power
nodul es for Electronic warfare (EW applications.
- (U Initiate devel opnent of selected el enents of an advanced MVACE design tool set for inplenentation in
consort with the 2 and 3-di mensi onal REF.
- (U Conpl ete devel opnent of high power density MNw ndow technol ogy using man-nmade di anond. This technol ogy
is central to needed perfornmance inprovenents in several Navy systens.
- (U Continue devel opnent of hi gh-power Wband gyro-klystrohor Naval Research Laboratory Wband radar.

. (U (%4, 368) E/ O TECHNOLOGY.
- (U Continue devel opment of 256 x 256 adaptive | RFPA with high dynanmi c range onachip electronics to inplenent
on-chip nonuniformty correction.
- (U Continue denmpnstration of fiber optic beanforner for phased array radar with enphasis on a two-
di nensi onal (4x4) array and rapidly tunabl e sources.
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(U) Continue devel opment of mid IR fibers to reduce inpurity loss <0.1 dB/mand total loss <0.5 dB/fmwth
nphasis on longer fibers (50m and initiate devel opnent of IR fibers that transmt in the 8-12umregion for
nfrared Counternmeasurers (I RCM applications.

(U) Conpl ete devel opment of single color GalnSb/InAs superlattice detectors and initiate devel opnent of two-
ol or superlattice detectors as an alternative to HgCdTe-based detectors for higher tenperature operation at
onger wavel engt hs.

(U) Continue devel opment of 128 x 128 col or discrimnating | RFPA
- (U Continue devel opnent of 256x256 dual band | RFPA

=0 ' — o !

(U ($5,500) M CROELECTRON CS.

- (U Denonstrate and manufacture planar Metal Oxi de Sem conductor (MOS) Controlled Thyristers (MCTs) that
operate at 1400 volts, 300A/cmi and 100 KHz switching speed for incorporation into Power Electronic Building

Bl ocks (PEBBs) .

- (U Conplete denpnstration of collocated interference cancellation circuitry for conmuni cati on systens.

- (U Initiate devel opment of sub 500nm - 250nm p-channel silicon germani um devices with T-gate structures in
50nmthick thin-filmsilicon-on-sapphire for inproved transistor performance up to 50 Ghz.

- (U Conplete denpnstration of analog front-end of 16 bit, 125 negasanpl e/ sec anal og-di gital converter for
ASW appl i cati ons.

(U ($2,123) ELECTRONIC AND E/ O MATERI ALS.

- (U Conplete devel opnent of growth techniques for single color IR detector nmaterials and initiate devel opnent
of growth techniques for two-col or detectors.

- (U Initiate nanonmeter-scale direct proxinmal probe patterning for fine-line (<0.05un) processing of netals
and seni conductors to achieve the capability to realize sub-nicroneter scale RF and mcroel ectroni c devices.

(U) ($8,000) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY W th the advances that are currently being
nmade in electronics there exists a strong opportunity to realize multifunctional systens that integrate the

functions of radar, EW and comunications into two apertures. It should be noted that this programis in

contrast to the Air Force (AF) and Joint Strike Fighter (JSF) progranms in that it treats both the transmt and

receive functions in separate apertures. Thi s approach avoids the need for tinme allocation of different RF
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functions and therefore offer the opportunity for nore nmassive integration of RF functions into the pair of
apertures. As aresult this integrated thrust has been fornmed and the current program enhanced to capitalize
upon ongoi ng and pl anned applied research to develop RF solid state, photonic, and m croel ectonic devices. This
programis coordinated with JSF and the AF and has an oversight group with representatives from Space and
Warfare Systems Command (SPAWAR), Naval Air Systmes Conmand (NAVAIR), SC-21, CVX, Program Exective Ofice (PEO
Theater Air Defense (TAD), PEO Surface Conbatant Aegis Program (SC AP) Conmon Support Aircraft (CSA) and

Assi sstant Secretary of the Navy (ASN) Research, Devel opment Acquisition (RDA). Specific efforts within this
thrust include:

- (U Denpnstrate a MV frequency, CW high linearity GEISHA anplifier with 7-10 watts output.

- (V) Continue devel opnent of UHF high power circulator for application to Milti- Functional El ectomagnetic
Radi ati ng System (MERS) ATD.

- (U Continue and expand hi gh power SiC transistor structure devel opnent to enconpass high linearity and high
efficiency for fleet surveillance and protection applications.

- (U Conplete devel opnent of high dynami c range w de band Low Noi se Anplifier (LNA) with very high second and
third order internodul ation intercepts and explore potential use of LNAs in Joint Advanced Strike Technol ogy
(JAST) denonstration aircraft.

- (U) Denponstrate 16 bit, 20 MHz | ow tenperature superconductinganalog to digital (A/D converter.

- (U Denonstrate an RF beanform ng network capable of RF frequency independent beam steering over — 60 degrees
from boresi ght using photonic technology to control RF transm ssion of an antenna array. Develop the necessary
photoni ¢ conponents: integrated |asers and nodul ators, tunable |lasers, dispersive fibers and tunabl e spectral
filters.

- (U Denonstrate the feasibility of using optical switches to activate nested wi deband spiral antennas and

t hereby denonstrate RF beam steering. The initial optical switch will be based on a photo-voltaic field effect
transi stor (FET) structure activated by an optical fiber. Maintain a Voltage Standi ng Wave Ration (VSWR) of
| ess than 2.2 over an operating bandwidth that will be no | ess than 4 octaves of bandwi dth.

(U ($2,390) HPC

- (U Denpbnstrate a software parallelization tool based on the Processing G aph Method (PGW for napping signal
processing data flow diagrans into arbitrary sets of processors automatically with appropriate scheduling to
neet real time deadlines. Provide instrunmentation to missile software testbed.
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- (U Demonstrate effective, custom zed digital library for information delivery to the warrior fromnmultiple
sources (spin-off from DARPA/ NSF programnm). Devel op and denonstrate Java-based digital nmapping system

- (U Denobnstrate 3D virtual reality workbench for battlefield situation assessment. Deliver first prototype
to the Marine Corps for use in their Sea Dragon experiment. Add interface to accept data fromthe Joint
Maritinme Information System (JMCI'S) and the d obal Command and Control System (GCCS).

* (U (%2,558) ARTIFICIAL | NTELLI GENCE AND HUMAN COMPUTER | NTERACTI ON.
- (U Denobnstrate new capabilities for neteorol ogi cal forecasting using machi ne | earning.
- (U Denonstrate guidance of nobile robot tasks by utilizing a 3D range scanner, and advance the conputati onal
efficiency of machine vision through innovative use of data fromtripod operators.
- (U Distribute an advanced Case Based Reasoning Shell which is useful for building decision aids with
advanced capabilities in domains such as weather forecasting and situation assessnment and pl anni ng.
- (U Evaluate and extend multi-nmpdal robotic interface and related tools.

* (U (%4,692) ECsS
- (U Apply Destination and other ECS tools to the devel opnent of a subsystem of the AEG S system using
forward and reverse system conposition methodol ogy and prototype automation aids for specification and anal ysis

of performance of at least three alternative designs. This will provide a fully integrated, autonated

envi ronment to support affordable and evol utionary system desi gn nethodol ogy for |arge conpl ex conputerbased
syst ens.

- (U Devel op interoperabl e software environnment under joint US- France project. Further devel op affordable
reusabl e conponent net hodol ogy usi ng CORBA Java, and other industry standards. |nplenent distributed

i nterfaces using VWb technol ogy. Test conmercial/governnment conmponents to get best functional capability for
Command and Control (C2) and conbat system devel opnent.

- (U Initiate devel opnent of new wavel et coding algorithms with packet parity protection that is conpatible
wi th any packet switching network including Link 16 nessages.

e (U (%4,000) ADVANCED DI STRI BUTED MANUFACTURI NG DEMONSTRATI ON
- (U Extend the Virtual Conpany nodel to include nodul es for Prototype Devel opnment and for Full Production
Manuf acturing for Navy applications. Enhance the recently inplenmented Quality Assurance/ Quality Control
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(QN Q) nodul es. Devel op a Best Practices and Capabilities nodule. Apply the Virtual Conpany nodel to Navy
requi rements in the areas of software devel opment and software reuse. The Machi ne Shop Conpany i npl enentation
of the nobdel will be made available to private conpanies in order to expand industrial base capability to
neet Navy needs (Congressional add of $4 mllion).

. ($193) Portion of extramural programreserved for Small Business |nnovati on Research assessnent in
accordance with 15 U. S. C 638.

3. (U FY 1998 PLAN:

* (U (%$948) SHORE FACI LI TI ES MATERI ALS
- (U Conplete devel opment of corrosion resistant dual phase ferritic materials and fl ame-sprayed catal yzed
titani um cathodic protection concept for extension of service life of waterfront structures.
- (U Expand projects on the application of advanced materials such as conposites and | ow cost wood products
into naval fenders and other rubbing energy absorption systens to extend |ife and reduce the need for chenically
treated wood.

« (U (%$7,112) Al RBORNE MATERI ALS
- (U Continue devel opment of single crystal/powder nmetal insertable bladed disk systemfor 1200 F conpressors
and 1450° F tur bi nes.
- (U Conpl ete devel opment of very low volatile organic (200 gramliter) waterborne self-primng topcoat for
aircraft.
- (U Conpl ete devel opment of cyanate ester adhesives for rapid curing aircraft repairs.
- (U Initiate devel opment of a distributed sensor system for condition-based nai ntenance nonitoring of
aircraft corrosion and health of corrosion preventive coatings.

* (U (9%9,655) SEABORNE MATERI ALS
- (U Conplete pilot devel opnent of part-on-call spray form ng of non-axisynetric parts, including titanium
based conponents and conplete investigation of self-canning of powder conponents via selective |laser sintering
of the surface.
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- (U Complete sea water testing of materials replacenent candi dates for seawater val ves and nondestructive
testing techniques to evaluate the health of valves in service

- (U Continue devel opment of a haze gray ship coating systemw th controlled spectral properties to neet the
IR goals of ML-E-24365a at much | ower cost than conpetitive systens containing netal solids.

- (U Initiate a hot-corrosion study of the best spray-forned materials for shipboard incinerator application

* (U (%1,941) M SSI LE/ SPACE MATERI ALS
- (U Continue heat shield replacenent materials devel opnent enphasi zing | ower cost fabrication techniques
- (U Continue devel opment of ceramic nmaterials for nozzle application with enphasis on | ower cost fabrication
and tailored coatings for specific applications using various fuels.

* (U (%6,454) MILTI-M SSI ON MATERI ALS
- (U Initiate a study of the vulnerabilities to |asers of the new uncool ed IR detector arrays and establish
pl ans for | aser hardeni ng approaches and nmaterials to protect them
- (U Conplete transition of tubul e-based materials to controlled rel ease coatings
- (U Continue devel opment of high tenperature conposites based on fluorinated and non-fl uori nated
phthalonitrile polyners for high tenperature application to nmultiple platforns.
- (U Initiate an evaluation of metal -plated nicrotubules for electro-active coatings in antenna systens and
el ectronic displays. Such materials are expected to be nore cost effective than conmpeting etched or vapor
deposited systens.
- (U Initiate devel opnent of nanonmeter wear-resistant coatings for valve stens, |abyrynthseals, and rotating
parts.

. ($3,380) RF SOLI D STATE DEVI CES AND CONTROL COVPONENTS
- (U Continue devel oprrent of 100 kW W band dupl exer for Navy s 94 GHz radar program
- (U Initiate devel opnent of highly conpact, high Q tunable filters and oscillators for transnit/receive
(T/R) nodul e applications.
- (U Continue devel opnent of InP/InGAs heterojunction bipolar transistors for application to pul sed Ka-band
phased arrays.
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* (U (%14,572) VACUUM ELECTRON CS
- (U Conplete devel opnent of selected el enents of an advanced M crowave & M| Ilinmeter Wave Advanced
Conput ati onal Environment (MVACE) design tool set for inplenentation in consort with the3D Research and
Engi neeri ng Framewor k ( REF)
- (U Conplete the devel opnment of selected el enments of an advanced MVACE design tool set for hellravel Wave Tubes
(TWIs) for inplementation in B REF.
- (U Conplete the devel opnment of a hi gh-power, noderate bandw dth gyro-klystron for the NavP4-GHz radar program
- (U Initiate the devel opnment of a high-duty, w deband gyro-twystron to neet the requirenments of MWVraaapl i cati ons

. (U (%$4,377) E/ O TECHNOLOGY.
- (U Denonstrate nultifunctional operation of fiber optic beanfornmer with one and two di mensional array.
- (U Continue devel opment of mid IR fibers to reduce inpurity loss < 0.05 dB/mand total loss< 0.1 dB/fmwth

enphasi s on kiloneter |engths of cabled fibers; denonstrate IR fibers for 8-12imregion with loss less than 1

dB/ m

- (U Conpl ete devel opment of 256 x 256 dual band | RFPA and initiate devel opnment of a 512 x 512 dual band | RFPA
to provide wider field of view for nissile seeker and Forward Looking Infrared (FLIR) applications.

- (U Initiate devel opment of a three band | RFPA to enhance performance agai nst counternmeasures and stealthy
targets.

- (U Continue devel opment of 256 x 256 adaptive | RFPA with high dynam c range on-chip electronics to inplenent
on-chip nonuniformty correction

- (U Continue devel opment of 128 x 128 col or discrimnating | RFPA

* (U (%5,592) M CRCELECTRON Cs.
- (U Conpl ete devel opment of 16 bit, 125 megasanpl e/ sec anal og-digital converter for application to w de
bandwi dth digital ASWreceiver to meet Navy multi-channel acoustic systemrequirenents
- (U Conpl ete devel opment of | ow power, |ow voltage sub 500nm - 250nm silicon germani um devices with T-gate
structures in 50nmthick thin-filmsilicon-on-sapphire. These structures will allow tk devel opnent of 4 bit,
10 gi gasanpl e/sec and 10 bit, 2.5 gi gasanpl e/ sec anal og-digital converters.
- (U Initiate devel opnent of |ow power, |ow voltage Conplenentary Metal Oxi de Semi conductor (CMOS) sub-250nm
100nm Si Ge devices with T-gate structures in 50nmto 30nmthick Thin-film Silicon-on-Sapphire (TFSOS) to achieve
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ft, foax iN the range of 70-100 Ghz. These structures will allow the devel opment of 20 bit, 20 nmega sanpl es per
second (MSPS) roomtenperature and 16-bit, 1 giga sanple per second (GSPS) A/ D converters.

- (U Denonstrate 4-bit, 10 (GSPS) A/ D based on 100 nm m ni nrum feature size CMOS TFSCS for EW applicati ons.

- (U Continue devel opment of anal og VLSI continuous wavelet transformcircuit for RF emitter identification.

* (U (%2,128) ELECTRONI C AND E/ O MATERI ALS.
- (U Initiate in situ diagnostics to optim ze Ml ecul ar Beam Epitaxy (MBE) and Orgono-Metallic Vapor Phase
Epi toxy (OWPE) growt h of sem conductor alloys and heterostructures. This task will enable control of growh and
processing for high reliability.
- (U Continue the investigation of the high power behavior of H gh Tenperature Superconducting (HTS) MV
devices and identify those nmaterial paraneters that limt performance.
- (U Continue nanoneter-scale direct proxinmal probe patterning for fine-line (<0.05un) processing of metal
resonant tunneling diode structures to realize nanoneter scale m croel ectronic devices.

« (U (99,500) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY
- (U Conplete devel opment of UHF circul ator and provide to MERS ATD.
- (U Denonstrate highly linear broadband power anplification from100 MHz to 10 GHz wi th GEl SHA.
- (U Initiate contractural devel opnent of Twystrode to reduce size of MPMfor radar and EW appli cati ons.
- (U) Dempnstrate feasibility of achieving a structurally enbedded antenna array that is optically controlled
over nulti-octaves of frequency and capable of being fed by a MV nodul ated optical fiber for use in next
generation wi de area surveillance systens.
- (U Denobnstrate the feasibility of a superconducting A/D converter operating with 20 bits of dynam c range
for use in next generation w de area surveillance systens.
- (U Denonstrate an RF transnit and receive beanforning network capable of RF frequency independent beam
steering over — 60 degrees from boresi ght using photonic technology to control an antenna array. Characterize
t he performance of photonic technol ogy conponents optimzed for various beanform ng architectures.
- (U Denonstrate an optini zed optical switch that consunes | ess optical power, switches faster and can
accommodat e nore voltage. Assenble a 3 X 6 array of spiral antennas, each with optical reconfigurable RF phase
shifting networks. Evaluate the radiation distribution pattern with enphasis on optinizing the relation between
spiral separation and grating | obe formation
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* (U (%2,155) HPC
- (U Begin transition of software parallelization tool based on the PGMto the Advanced Submari ne Technol ogy
Ofice for conpletion and Program Cbjective Menorandum (POM nai nt enance support.
- (U Denonstrate webbed-access usi ng DARPA sponsored work in distributed Digital Libraries to support

nultimedia (e.g., video) in Navy Command, Control, Conmmunication, and Information (C4l) - Friend or Foe
appl i cation.

* (U (%2,889) ARTIFICIAL | NTELLI GENCE AND HUVMAN COVPUTER | NTERACTI ON

- (U Denobnstrate learning of control for multiple autononmous devices in cooperative conpl ex mappi ng and
surveil |l ance

- (U Denobnstrate software support of validation and verification nmethodol ogies and tools integrated with tools
for building case-based decision aids.

- (U Denonstrate high-1evel human-conputer collaboration in assessnent of force-level threats. Identify
effects of human nulti-sensor input to cognitive enhancenent of situations for rapid and accurate decision
nmaki ng.

- (U Continue 3D virtual reality workbench and add multiple view access. Initiate work on distributed

prototype and designs for mniaturized versions. Enhance Marine Corps Sea DragonVersion; consider for
depl oynent at sea for the Battalion Landing Team

* (U (%5,950) ECs
- (U Finalize approach to incorporate human perfornmance nodels in ECS tools for total system design and
evaluation. This will provide a basis for automated tools for human systens integration in the design of
conpl ex systens and provi de approaches to enbed nonitors in systenms to identify changi ng hunan use and rol es
over tinme to flag opportunities for nanpower reduction; SC21 is a key recipient.
- (U Deliver a systemevaluation and assessnent repository consisting of systemnetrics know edge base and
non-invasive and mnimally invasive system neasurenent techni ques agai nst system neasures of effectiveness
requirenents
- (U Develop nulti-criteria optim zation strategies for life-cycle cost engineering of |arge, conplex systens.
This will provide an automated neans for evaluation and rationale capture in a sinultaneous nmanner across a
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range of factors such as performance, reliability, safety, security, producability, and costs for alternate

i mpl ement ati ons.

- (U Continue denpbnstration collaboratively with France and devel op unified distributed object architecture
and repository; coordinate with Defense Information Systne Agency (DI SA), Defense Information Infrastruture
(DI'l) and DARPA Col | aboratory efforts.

- (U Test and apply Signal Processing Rapid Prototyping testbed to Navy missile applications needing real-tine
i mage processing in small devices.

- (U Continue devel opment of new wavel et algorithns. Devel op robust feature conpatible image transm ssion
algorithms for tactical data |inks.

4. (U FY 1999 PLAN

« (U (%1,059) SHORE FACILITIES MATERI ALS
- (U Conplete durability focused materials characterization and paranetric studies of conposite systens for
wat erfront upgrades of reinforced concrete structures.
- (U Continue devel opment of conposite materials for fenders, canels, piles, and other applications.

* (U (%$8,452) Al RBORNE MATERI ALS
- (U Conplete evaluation of berylliumalumnumalloys for aircraft application
- (U Continue devel opment of wought orthorhonbic titaniumalloys for conpressor and | ow pressure turbine
conponents.
- (U ldentify novel elastoneric fuel cell materials for |onger operational life in higher tenperature
application appropriate to advanced fighter aircraft.
- (U) Conpl ete erosion characterization of dianond infrared dones.

e (U (%11, 434) SEABORNE MATERI ALS
- (U Conplete hot corrosion testing of incinerator materials
- (U Conduct field tests of nondestructive, field-portable coatings evaluation systemto deternine the health
of ship paint systens.
- (U Continue eval uation of polyaniline-based anticorrosive coatings for shipboard application
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« (U (%2,288) M SSILE/ SPACE MATERI ALS.
- (U Conplete materials devel opment for reentry vehicle heatshields.
- (U Expand the devel opnent of ceramic materials for protection of propul sion conponents and ot her high
t enperature i npi ngenment applications.

e (U (%6,970) MITI-M SSI ON MATERI ALS.
- (U Conplete devel opment of a | ow cost |aser protective cell that can be incorporated in optical systens for
t he Marine Corps.
- (U Conpl ete devel opment of system and controlling software for a reliable ultrasonic tonography systemthat
al l eviates the problem of refraction.
- (U Transition controlled rel ease systemto conmerci al and naval coatings application for anti-fouling and
anti-fungal /m | dew applications.

* (U (%5,790) RF SOLID STATE DEVI CE AND CONTROL COMPONENTS
- (U Initiate w deband receiver conponent effort in support of the Joint Strike Fighter.
- (U Conpl ete devel opment of 100 kW Wband dupl exer for Navy s 94 GHz radar program
- (U Continue devel opment of highly conpact, high Q tunable filters and oscillators for T/R nodul e
appl i cations.
- (U Conplete devel opment of | nP/InGaAs heterojunction bipolar transistors for application to pul sed Ka-band
phased arrays.

(U (%14, 850) VACUUM ELECTRONI CS
- (U Conplete the devel opnent of a hi gh-power, noderate bandw dth gyro-klystron for the Navy 94-GHz radar program
- (U Initiate devel opment of 100 Watt, 5 GHz bandwi dth, fol ded-waveguide TW for Wband conmuni cati ons applications

- (U Initiate devel opnment of pol e-pi ece beam focusi ng technique to explore a nmagi ¢ sphere design using rare earth
magnetic material s.

- (U Continue the devel opnent of a high-duty, w deband gyro-twystron to support radar and EWapplications at mllin®
wavel engt hs.
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(U) ($5,754) E/ O TECHNOLOGY

- (U Continue nmultifunction array using fiber optic beanforner.

- (U Conpl ete devel opment of 256 x 256 adaptive | RFPA

- (U Conpl ete devel opment of a 128 x 128 col or discrimnating | RFPAnetworks

(U) ($%$5,663) M CRCELECTRONI CS

- (U Conpl ete devel opment of CMOS | ow voltage, | ow power sub 250-100nm SiGe with T-gate structure in 50-30nm
TFSCS for inplenentation of 16 bit, 1 GSPS and 10 bit, 2.5 GSPS anal og-to-digital converters.

- (U Conpl ete devel opment of very | ow power (<0.5 mw) high resolution ( 16 bits, 2 to 5 kilo sanples per
second (KSPS) A/ D converter for sonar applications.

(U (%$2,468) ELECTRONI C AND E/ O MATERI ALS

appl i cations.

- (U Conplete nultiple color detector growh techniques and transfer the techniques to industry and device

t echnol ogy prograns.

- (U Complete investigation of high power handling behavior of HTS MNdevices and transition results to vendor
communi ty.

- (U Continue nanoneter-scale direct proximl probe patterning for fine-line (<0.05um processing of netal
resonant tunneling diode structures to realize nanoneter scale m croel ectronic devices.

(U ($10,000) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY

- (U Denpnstrate 40 watt CWultra broadband (100 Mz to 10 Ghz), ultra linear (cross nodul ati on products 28 dbm
bel ow fundanmental signal) conpact anplifiers suitable for use in next generation wi de area surveillance systens
- (U Denobnstrate the steerability of a structurally enbedded 3 x 6 or |arger wi deband antenna dynanically
controlled over multi-octaves of frequency with VSWR | ess than 2:1 for next generation w de area surveillance
syst ens.

- (U Continue the devel opnent of dinensionally reduced MPMs for electronically scanned arrays.

- (U Continue the devel opnent of field emtter array (FEA) based power anplifiers as a nore conpact and effi civattuum
power booster for the next-generation MPM
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- (U Demonstrate true tinme delay control of optical beanform ng networks with new architectures.

- (U Denobnstrate a superconducting A/'D capable of 19 bits of dynam c range over a 20 Mz spectrumfor use in
reduci ng background clutter in littoral warfare surveillance operations

- (U Denpbnstrate the generation of simultaneously nultiple frequency independent RF beans capabl e of

beanst eeri ng over — 60 degrees from boresight on transmit and receive with an optical control structure that uses
phot oni ¢ technol ogy conponents that preserve a 500 Mz instantaneous RF bandwi dth for each beam

- (U Denpbnstrate and characterize the performance of thin, conformal arrays of w deband spiral antennas
operating over 8 octaves of bandwi dth with a VSWR of |ess than 2.2 over the operating bandwi dth, and a radiation
pattern free of grating | obes.

* (U (%1,985) HPC
- (U Test and Apply Signal Processing Rapid Prototyping test to Navy application. Explore capability to apply
to C41 centric systens.
- (U Apply distributed Digital Library Technol ogy to Navy C4l application.

e (U (%$3,432) ARTIFICIAL | NTELLI GENCE AND HUMAN COVPUTER | NTERACTI ON.
- (U Denonstrate learning of control for intelligent agents with opponents.
- (U Integrate case-based reasoning with alternative problemsolving strategies for advanced tool sets.
- (U Denonstrate advanced hybrid of reactive and reflective planning for robotic navigation and mani pul ati on.
- (U Denpbnstrate security nmeasures that can defeat intrusion within Joint Warfare Strategy Technol ogy (JWST)
criteria and incorporate alternative action strategi es upon detection of intrusion.
- (U Denpbnstrate 2-D visualization frommultiple views at distributed sites to nmeet Marine Corps Sea Dragon
needs.

* (U (%$7,300) ECs
- (U Denpbnstrate an integrated System Engi neeri ng Environnent including design capture repository, design
structuring and optinization, and system assessnent repository. This will provide a capability to flow and
evol ve the conpl ete system design record across all phases of devel opnent, production, and |life-cycle support
and insert in SC21 testbed. Denonstrate secure use of COTS software conponents and saf eguard agai nst detection
of intent through analysis of network traffic.
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- (U Devel op human-centered system desi gn processes and nmethods to capture and specify the essential role of
human operators and deci sion-nmakers in enabling the desired energent behavi or of conplex systens.

- (U Provide an initial denonstration of multi-criteria optim zation strategies for life-cycle cost
accounting of a key ship systemel enent (e.g., SC21 weapon system.

- (U Denonstrate unified distributed reusabl e Wb-based obj ect software devel opnent architecture and
repository on a C4l and conbat system application.

- (U Conpl ete devel opment and transition of wavel et al gorithns.

- (U Denonstrate formal nmethods approach to Navy safety -critical operation that captures

requi rements and automatically generates suitable test suites for the final system

B. (U PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY1999
(U FY 1997 President’s Budget: $75, 933 $75, 886 $85, 791 $95, 641
(U Adjustments from 1997 PRESBUDG $+2,172 $+8, 838 $-9, 138 $- 8, 196
(U FY 1998/1999 PRESBUDG Submi ssi on $78, 105 $84, 724 $76, 653 $87, 445

(U CHANGE SUMMARY EXPLANATI ON

(U Funding: FY 1996 adjustnent reflects a Jordanian F-16 financing rescission (-$88); Small Business |nnovative
Research assessnent (-$147); execution adjustment (+$2,407). FY 1997 adjustnent reflects Congressional plus-ups for
Ther nopl asti ¢ Engi neered Lunber (+%$2,500), New Processes for Navy Aircraft Skins (+$3,000), Advanced Materials
Intelligent Processing Center (+%$3,000), Virtual Conpany Franmework (+$4,000); Congressional undistributeds (-$3,662).

FY 1998 adjustment reflects PEBB realignment (-$6,000); Navy Working Capital Fund (NWCF) and minor adjustnents
(-$13,384); S&T adjustnments (+$10,334); Mlitary and Cvilian pay (+%$110); and Inflation reduction (-$198). FY 1999
adj ustments reflect PEBB realignment (-$10,000); NWACF and m nor adjustnents (-$978); S&T adjustment (+$2,965);
Mlitary and Cvilian pay (+%$142); and Inflation reduction (-$325).

(U Schedule: Specific areas within the following thrust areas will be del ayed: Airborne Materials, Shore
Materials, Multimssion Materials, and Mcroel ectronics. Specific areas which will be delayed include research in
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the area of integration of electrically switchable radome materials into airborne systems, engi neered |unmber for
pilings, and transitioning high efficiency power converters to mlitary systens.

(U Technical: Airborne Materials, Shore Materials M croelectronics, and H gh Performance Conputing thrust areas
wi Il be delayed increasing the technical and transition risk for front frame technology for aircraft engines,
especially F414 in the F/A-18E/F; increase the technical risk for transitioning of engineered |unber for pilings,
increase the tecnical risk for transitioning |laser protective materials, increase the technical risk and

devel opnent tinme of power converters that can be used for all-electric drive systens; draw down the focus area of
HPC in order to increase Engi neering of Conplex systemfocused work so as to nmeet requirenents of SC-21, NSSN, and
ot her energing platforns.

C. (U OTHER PROGRAM FUNDI NG SUMMVARY: Not appl i cabl e.

(U) RELATED RDT&E:
PEs 0601102A, 0601102F, 0601153N (Def ense Research Sci ences)
PEs 0602105A, 0602102F (Materials Technol ogy)
PEs 0602705A, 0602709A, 0602204F, 0602702F (El ectronic Devi ces Technol ogy)
PEs 0602783A, 0602783A, 0602202F, 0602702F, 0603728F, 0602301E, 0603226E (Conputer Technol ogy)
PE 0602303A (M ssile Technol ogy)
PE 0602601A (Conbat Vehicle and Autonotive Technol ogy)

0602702F, 0602232N (Conmand, Control and Conmuni cati ons)

PE 0602786A (Logistics Technol ogy)

PE 0602111N (Air and Surface Wapons Technol ogy)

PE 0602121N (Surface Ship & Subnari ne HVRE Technol ogy)

PE 0602122N (Aircraft Technol ogy)

PE 0602314N (Undersea Warfare Surveillance Technol ogy)

PE 0602323N (Subrari ne Technol ogy)

PE 0602270N (El ectronic Warfare Technol ogy)

EECCCECECEEEEEE
Y]
i

(U This PE adheres to DTAP and DTO Agreenents on Advanced Materials, Electronic Devices and Conputer Technol ogy with
oversi ght provided by the Joint Directors of Laboratories and Joint Engineers. This PEis integrated with the Navy's
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6.1, 6.2, and 6.3 PE's shown above and is fully coordinated with efforts in DoD through Joint Director of Laboratories
and Defense Task Area Plans activities.

D. FUNDI NG PROFI LE: Not applicable.
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(U COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVWPLETE PROGRAM

El ectronic Warfare Technol ogy
17,133 21, 535 22,810 24, 707 25, 878 26, 332 26,896 27,503 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  The Navy El ectronic Warfare (EW Sci ence and Technol ogy
(S&T) Program addresses identified technology requirenents for EWin cooperation with the other Services, placing special
enphasi s on Naval EWroles in Cormmand and Control Warfare (C2W. This program devel ops technol ogi es whi ch support the
effective utilization of naval force capabilities in the conduct of the Navy s Joint M ssion Areas (JMAs) defined by Ofice ol
the Chief of Naval Operations (OPNAV) (i.e., Strike, Joint Littoral Warfare, Intelligence, Surveillance and Reconnai ssance,
Maritime Support of Land Forces, Readiness and Training). It is also vitally associated with future joint warfighting
capabilities of maintaining near perfect real-tine know edge of the eneny... " and " to counter the threat of...cruise
mssiles to the Continental United States (CONUS) and depl oyed forces". The programis planned jointly in accordance with
Tri-Service Reliance agreenents which allocate various EWdi sciplines and their attendant technol ogy devel oprment
responsibilities between the Arny, Air Force and the Navy. As part of the Integrated S&T EW Program efforts are subject to
revi ew and execution oversight by the Joint Director of Laboratories (JDL) Technol ogy Panel for Electronic Warfare (TPEW.

(U The energence of a polycentric strategic environnent, the evolving and diversified nature of the threat, and the
proliferation of arns and technol ogy have contributed to shifting the focus of conflict to regional and littoral areas.
Concurrently, the global arms industry continues to supply increasingly sophisticated sensors and weapons to the worl d-w de
arnms market. The heterogeneous conbination of military and commercial systens dictates the need to devel op nore advanced EW
technol ogies which will be able to adequately exploit and counter the use of new threats.
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(U The structure and bal ance of this program are responsive to OPNAV gui dance and identified System Comrand warfi ghting
requi rements and needs. The programfeatures the integration of 6.1 and 6.2 progranms with 6.3 EWcore prograns and Advanced
Technol ogy Dempnstrations (ATD) which can produce prototypes suitable for naval force depl oynents and denonstrations. Progra
integration is achieved through the transition and inplenentation of program products. The program continues to support the
Navy s highest priority need, Ship Self-Defense (SSD). It devel ops EWtechnol ogies to counter a range of threats (including
mul ti-spectral/multi-nodal sensors and seekers) and spans the entire el ectromagnetic spectrum by inproving threat detection,
identification, and location in the battle space. The programtransitions new technologies to tactical aircraft (TACAIR), | o
observabl e aircraft, surface EWplatfornms, and Pre-Planned Product |nprovenment (P3l) prograns through devel opnental upgrades
and direct technol ogy insertions.

(U Due to the sheer volune of efforts included in this Program El enment, the prograns described in the Acconplishnents
and Pl ans section are representative selections of the work included in this program el enent.

(U The Navy S&T programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH budget activity because it

i nvesti gates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a nmjor
devel oprment effort.

(U PROGRAM ACCOWPLI SHVENTS AND PLANS
1. (U FY 1996 ACCOVPLI SHMENTS: The FY 1996 program i ncl uded increased enphasis on technol ogy addressing increased

survivability for surface ships and tactical aircraft against the advancing infrared (IR) threat. Efforts to increase
shi pboard sensor and weapons response to satisfy the reduced tinelines associated with operations in littoral regions
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Progranms in the areas of conbat identification, precision strike and information doni nance recei ved added support
in the successful acconplishment of the Navy's JMA strategy.

e (U (%2,821) THREAT WARNING - The objective was to devel op small and inexpensive radio frequency (RF) receivers
and denodul ati on techniques to recogni ze and characterize conpl ex nodern-nodul ati on waveforns and to exploit
both active and passive Electro-Optic (EOQ/IR technologies to provide early warning of hostile action, either
surveillance or attack, to U S. mlitary platforns and to assist in identifying the threat and counter it.

(U Advanced processing technologies (including algorithns associated with emitter characterization) were
integrated with object-oriented software tools to produce automated receiver systenms with a capability to
perform non-cooperative platfornmfemtter recognition.

(U Adirect infrared frequency (IF) sanpling architecture has been devel oped and an Application Specific
Integrated Circuit (ASIC) designed which takes the output of a high-speed Anal og-to-Digital Converter (ADC)
and reformats it for rapid processing by a single processing chip allowing for extrenely small Specific
Emitter ldentification (SElI) extraction and processing hardware for use in a mniature SEI systemfor
tactical aircraft, Unmanned Aerial Vechicles (UAVs), and portable systens.

(U) Conpl eted an optimum concept and design to conpensate for ship’s roll and pitch and to reduce the
effects of multi-path for Electronic Stabilization of shipboard receive antennas providing a nore precise
Direction Finding nmeasurenent.

(U Conpleted integration of |latest extraction and processing techniques to achieve a conplete autonatic
system for precision signal characterization, SEIl and autonmatic radar/el ectronic support neasure (ESM track
correl ation.

(U Field tested a prototype small arns counterfire direction finding systemto detect and mark in space the
| ocation of small arns fire which will permit return fire in real tine at ranges greater than the | etha
range of the eneny weapon.
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(%8, 243) SELF PROTECTION - The objective is to provide a fundanental technol ogy base, from conponents to

systens, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Nava
success in Littoral Warfare, Joint Strike, Sealift/Protection, Strategic Deterrence, and Space and El ectronic
Warfare (SEW Intelligence. The entire radar RF band from high frequency (HF) to mllinmeter wave (MW is
covered under this project. It also includes the protection of U S. Naval platforns against | R EO gui ded
weapons by the devel opnent of new IR materials for decoys and new depl oynent concepts and the devel opnent of
technol ogi es for |aser based janmers.

(U) Designed a prototype off-axis | aser detection system and denonstrated successful single-shot ejection of
I R payl oad froma nodified MK19-3 grenade |auncher for the integrated onboard/ of f boardcount er neasures (CM
solution to laser-guided threats that will challenge Navy and Marine surface vessels operating in littora

ar eas.

(U Successfully devel oped and tested a | aser-based fal se target techniqueintended to defeat man-in-the-

| oop i magi ng seekers. Also tested a robust jam code, to defeat inmaging Anti-Ship Cruise Mssile (ASCM
seekers, and to enhance capability of the Advanced Integrated El ectronic Systne (A EWS) system agai nst
advanced IR guided anti-ship threats.

(U Conpleted effectiveness testing of the Phase | Milti-C oud decoy against IR guided anti-ship threats.
Devel oped and tested a | arge signature add-on target to increase the radiant intensity of the keeper

target by a factor of six and the lifetine of the decoy by 50%

(U) Deploynent tested six (6) rocket-thrusted Kinematic Special Mterial Decoys (KSVD) that dispense special
material IR payloads for tactical aircraft self-protection against threats that enploy notion as well as
spectral discrimnants. Test results warranted a significant design review that resulted in a new design of
snal l er units using conposite material s.

(U) Devel oped antenna isol ation inprovenent technol ogy, that was necessary for the EAGER ATD to neet
performance requirenents, at |less than one-third the cost of previous isolation inprovenent efforts.

(U Conpleted testing of brassboard M ni-URANUS system (a nodul ar, fully coherent jamer capable of jamm ng
nmul tiple sinultaneous threats) for standoff and self-protection of aircraft, helicopters, and potentially
UAVs, as part of the next generation C2WEl ectronic Attack function
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- (U Conpleted initial system concept design of Small Ship Jammer for physically small surface patrol crafts
that have no active onboard EWself-protection capability (e.g., special forces PC-1 and MK V SOC) and t hat
are currently involved in fleet littoral warfare operations.

- (U Devel oped and tested i nfrared counter counter neasure (IRCCM algorithnms and inserted detailed Focal
Pl ane Array (FPA) nodel into a digital seeker sinmulation as part of a tri-service planned and funded program
to assess the susceptibility of imaging seeker conponents for the devel opment of counterneasures agai nst
advanced i maging IR m ssil es.

(U (%$6,069) M SSI ON SUPPORT - The objective is focused on inproving the ability to assess EW performance

rangi ng fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training

and the research infrastructure. A major goal of this research area is to explore devel opnent of Battle

Managenent deci sion aids which fit within the established Navy Command and Control (C2) system depl oyed

t hroughout the fleet. Efforts also focus on advanced surveillance techni ques and janm ng and deception of C2

systens and data links. In order to provide dependabl e conbat identification and to deternine the intent of

enenry forces by passive nmeans while disrupting their capability to obtain and di ssem nate tactical information,
work continues in devel oping strike, surveillance, electronic counterneasures (ECM and other nission support
aircrat capabilities to inprove situational awareness.

- (U Conducted | aboratory tests with an upgraded EA-6B Prow er Universal Exciter for the devel oprment of
count er reasures agai nst nodern cellular radi o communication systens as part of a tri-service effort.

- (U) Devel oped data server technology for a visually rich C2W Si mul at or capabl e of synthesizing realistic
operations found in nodern conbat m ssions for assessing Naval operational situations, planning future
operations, and eval uating systemeffectiveness. Built a preprocessor to a real-tinme software bridge
bet ween the ESM ATD and EW Si nul at or.

- (V) Defined conputational approaches and systeni subsystem accuracy requirenments, and identified necessary IR
sub-nodel s for providing an IR ship target and scene nodeling for theCruise Mssiles EWsinulation to
address the shortcom ngs of previous IR ship predictive codes.
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2. (U FY 1997 PLAN: FY 1997 increased funding reflects a $3,000K O fice of the Secretary of Defense (OSD) directed
infrared counter neasure (I RCM technol ogy. Wirk continues on shi pboard sensor and weapons response involved in operations in
littoral regions. Prograns focusing on conbat identification, precision strike and information dom nance will continue and
devel opment of mcro/UAV designs for small radar cross section (RCS) platforms will be initiated

e (U (%$3,911) THREAT WARNING - The objective is to devel op small and inexpensive RF receivers and denodul ation
techni ques to recogni ze and characterize conpl ex nodern-nodul ati on waveforms and to exploit both active and
passive EQ IR technol ogies to provide early warning of hostile action, either surveillance or attack, to U S
mlitary platforns and to assist in identifying the threat and counter it.

- (U Conpl eted devel opnent of advanced processing technol ogi es (including deinterleaver inprovenments, pulse

repetition interval (PRI) fingerprinter, and decibel (dB) analysis). These technologies will be available
for use in advanced receiver systens.
- (U An ASIC was fabricated and will be tested and nodified, providing a factor reduction in the size of the

extraction and processing hardware for use in a mniature SEl systemfor tactical aircraft, UAVs, and
portable systems making it attractive for application in weapons systens such as H gh Speed Anti-Radiation
M ssile (HARM.

- (U Develop prelimnary double delta direction finding algorithmand denonstrateit along with dual channe
signal acquisition hardware to provide a passive high precision direction finder conparable to nulti-channe
phase interferoneters for air and surface platforns.

- (U Characterize feature vector effectiveness and initiate devel opnent of a system which extracts SE
information frommnodern tactical mlitary radars possessing nore stable, near flat, RF sources focusing on
the tactical application of SEI to the commander in the field, onboard ship, or in the air

- (U Initiate devel opnent of a conpact, |ightweight sensor systemto detect and mark in space the |ocation of
small arns fire which will permt return fire in real tinme at ranges greater than the lethal range of the
enemny weapon and can be carried and operated by a single individual
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« (U (99,799) SELF PROTECTION - The objective is to provide a fundanental technol ogy base, from conponents to
systens, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Nava
success in Littoral Warfare, Joint Strike, Sealift/Protection, Strategic Deterrence, and SEWIntelligence. The
entire radar RF frequency band fromHF to MMWis covered under this project. It also includes the protection of
U.S. Naval platfornms against EQ IR gui ded weapons by the devel opnent of new IR materials for decoys and new
depl oynent concepts and the devel opnent of technol ogies for |aser based jamers.

- (U Analyze susceptibility of foreign and surrogate threats to devel op and characterize janm ng techni ques,
in the laboratory and at militarily significant ranges, to assess overall CM system performance for the
i nt egrat ed onboard/ of fboard CM solution to | aser-guided threats that will challenge Navy and Marine surface
vessels operating in littoral areas.

- (U Conduct Optokinetic Nystagnus experinents on man-in-the-loop IR imagi ng seekers, assess capabilities of
new foreign i magers, and assess | RCM techni ques agai nst imagi ng seekers, to enhance capability of the Al EWS
syst em agai nst advanced IR gui ded anti-ship threats.

- (U Redesign Milti-Cdoud decoy hardware to create a nore ship-1like height and doubl e the wal k-of f di stance
to enhance ship sel f-defense against IR guided anti-ship threats.

- (U Fabricate and test 20 redesigned KSMD units to assure they will properly eject under various w nd
conditions and then, fabricate 10 units for deploynent and radi onetric testing to evaluate special nmateria
| R payl oads for tactical aircraft self-protection against those threats that enploy notion as well as
spectral discrimnants.

- (U) Inprove antenna isolation nodel to represent antennas nounted on curved surfaces for any decoy platform
and investigate interference cancellation techniques to achieve higher decoyeffective radi ated power (ERP)

t hrough i mproved antenna isol ati on.

- (V) Integrate advanced technol ogi es devel oped for the M ni-URANUS system (a nodul ar, fully coherent janmer
capabl e of janming multiple sinultaneous threats) into a ALQ 167 pod, for standoff and sel f-protection of
aircraft, helicopters, and potentially UAVs, as part of the next generation C2WEl ectronic Attack function

- (U) Conplete fabrication and | ab testing of the Snall Ship Janmer electronic attack (EA) subsystens
devel oped for physically small surface patrol crafts that have no active onboard EA sel f-protection
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capability (e.g., special forces PC1 and MK V SOC) and are currently involved in fleet littoral warfare
oper ati ons.

- (U Update imaging mssile nodel algorithnms and perform susceptibility neasurenents on sel ected foreign and
donestic FPAs as part of a tri-service planned and funded programto assess the susceptibility of inaging
seeker conponents for the devel opnent of counterneasures agai nst advanced i maging | R mssiles.

(U ($7,752) M SSION SUPPORT - The objective is focused on inproving the ability to assess EW performance
rangi ng fromindivi dual system platformthrough operations in Joint Mssion and Support Areas such as training
and the research infrastructure. A major goal of this research area is to explore devel opnent of Battle
Managenent deci sion aids which fit within the established Navy C2 system depl oyed throughout the fleet. The
focus is also on advanced surveillance techni ques and janm ng and decepti on of conmand and control systens and
data |links and the devel opnment of capabilities for strike, surveillance, ECM and ot her nission-support aircraft
to inprove situation awareness, to provi de dependabl e conbat identification (ID) and to determine the intent of
eneny forces by passive neans while disrupting their capability to obtain and dissem nate tactical information.
- (U Begin detailed design for devel opnment of flight technology for a Mcro Air Vehicle capable of carrying

avionics and a radar jamm ng payl oad, but |ight enough to be carried by an individual infantryman, for

di screet Navy ni ssions.

- (U Conplete analysis and docunent results of |laboratory tests conducted with an upgraded EA-6B Uni versa
Exciter, and plan and execute followon tri-service field tests for the devel opment of counterneasures
agai nst nodern cellular radi o conmunication systens.

- (U Extend the real-tine software bridge to interoperate with test-and-evaluation and real -worl| dComand,
Control, Communications, Conputers and Intelligence (C4l) systens as part of a visually rich C2W Si mul at or
capabl e of synthesizing realistic operations found in nbodern conbat m ssions for assessing Naval operationa
situations, planning future operations, and eval uating system effectiveness.

- (U) Develop the sub-nodels for heat transfer, sea clutter, and surface reflectance as part of an IR ship
target and scene nodel for the Cruise Mssile EWsinulation to address the shortconi ngs of previous IR ship
predictive codes.
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- (U ldentify necessary nodifications to the Little Mnopul se Information Signal Processing El enent (LM SPE)
system and develop a tri-service plan to develop a system capable of fingerprinting nodern cellular radio
communi cati on systens from airborne platforns.

* (U (%$73) Portion of extranmural programreserved for Snall Business |nnovati on Research assessment in
accordance with 15 U. S. C 638.

3. (U FY 1998 PLAN: FY 1998 funding reflects an enhanced programto address stand-off janm ng (SQJ) technol ogy for
next generation support janm ng. Wrk continues on shipboard sensor and weapons response involved in operations in littora
regi ons. Prograns concerning conbat identification, precision strike and information dom nance will conti nue.

e (U (%4,300) THREAT WARNI NG - The objective is to devel op small and inexpensive RF receivers and denodul ati on
techni ques to recogni ze and characterize conpl ex nodern-nodul ati on waveforms and to exploit both active and
passive EQ IR technol ogies to provide early warning of hostile action, either surveillance or attack, to U S
mlitary platforns and to assist in identifying the threat and counter it.

- (U Initiate devel opnent of a 12-bit ADC to provide a 24 dB increase in dynam ¢ range for theextraction and
processing hardware for use in a mniature SEIl systemfor tactical aircraft, UAVs, and portable systens and
making it attractive for application in weapons systens such as HARM

- (U Field test the double delta direction finding systemto provide a passive high precision direction
finder conparable to nulti-channel phase interferoneters for air and surface platforns.

- (U Inprove deinterleaver algorithns and design a prototype systemwhich extracts SEl information from
nodern tactical mlitary radars possessing nore stable, near flat, RF sources focusing on the tactica
application of SEI to the comander in the field, onboard ship, or in the air.

- (U Develop an airborne counterfire systemwhich detects nortar, artillery, and other |arge caliber weapon
firings , and, via a satellite or radio link, communicates their location to counterfire units.

- (U Initiate devel opnent of an inproved signal processing capability for detecting frequency nodul ated
conti nuous wave (FMCW signal with a Signal to Noise ratio (S/N) of 0O dB to address the Al EWS program
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requi rement of detecting and identifying certain FMCWsignals to provide early warning and cueing of ship
sel f-def ense weapons systens.

e (U (%10,310) SELF PROTECTION - The objective is to provide a fundanental technol ogy base, from conponents to
systens, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Nava
success in Littoral Warfare, Joint Strike, Sealift/Protection, Strategic Deterrence, and SEWIntelligence. The
entire radar RF frequency band fromHF to MW is covered under this project. It also includes the protection of
U.S. Naval platfornms against EQ IR gui ded weapons by the devel opnent of new IR materials for decoys and new
depl oynent concepts and the devel opnent of technol ogies for |aser based jamers.

- (U Evaluate robustness of jam ng techniques and snmart jam codes and tinelines for causing optica
breakl ock for the integrated onboard/ of fboard CM solution to |aser-guided threats that will chall enge Navy
and Marine surface vessels operating in littoral areas.

- (U Test waveforns to determ ne tineline effectiveness of directional | RCM agai nst ASCM threats and use
optical augnmentation (OA) and Moving Target |Indicator (M) sensors to deternine which smart wavef orns
seduce missiles and minimze chance of reacquisition after initiating directional lock transfer to enhance
capability of the Al EWS system agai nst advanced IR gui ded anti-ship threats.

- (U Conplete Milti-cloud decoy effort by adding and testing a floating conponent which will increase the
lifetinme of the device thus enhancing ship self-defense against IR guided anti-ship threats.

- (U Conplete radionetric testing of KSVMD units and fabricate additional units for captive seeker testing to
eval uate special material IR payloads for tactical aircraft self-protection against those threats that
enpl oy notion as well as spectral discrimnants.

- (U Inprove antenna isolation nodel to represent antennas nounted on flat surfaces coated with Radar
Absorbing Material (RAM for any decoy platformand inplenment interference cancellation techniques to
achi eve hi gher decoy ERP through i nproved antenna i sol ation.

- (U Complete final integration and flight test the ALQ 167 pod nounted M ni - URANUS system (a nodular, fully
coherent jammer capable of janming multiple sinultaneous threats) for standoff and self-protection of
aircraft, helicopters, and potentially UAVs, as part of the next generation C2WEl ectronic Attack function
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- (U Integrate EA subsystens with el ectronic support (ES) subsystem and performlab test of the Small Ship
Jamrer devel oped for physically small surface patrol crafts that have no active onboard EA self-protection
capability (e.g., special forces PC1 and MK V SOC) and are currently involved in fleet littoral warfare
oper ati ons.

- (U Conplete susceptibility analysis and devel op final cooperative |RCMtechniques to FPAs on sel ected
foreign and donestic FPAs as part of a tri-service planned and funded programto assess the susceptibility
of i magi ng seeker conponents for the devel opnment of CM agai nst advanced inmaging IR missiles

e (U (%8,200) M SSION SUPPORT - The objective is focused on inproving the ability to assess EW performance
rangi ng fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training
and the research infrastructure. A major goal of this research area is to explore devel opnent of Battle
Managenent deci sion aids which fit within the established Navy C2 system depl oyed throughout the fleet. The
focus is also on advanced surveillance techni ques and janmm ng and decepti on of conmand and control systens and
data |links and the devel opnent of capabilities for strike, surveillance, ECM and other nission-support aircraft
to inprove situation awareness, to provi de dependable conbat ID and to deternmine the intent of eneny forces by
passi ve nmeans while disrupting their capability to obtain and dissem nate tactical information.

- (U Select design configuration, and build and test baseline nodel of a Mcro Air Vehicle capable of
carrying avionics and a radar janm ng payl oad, but |ight enough to be carried by an individual infantryman,
for discreet Navy nissions.

- (U) Conclude tri-service field tests eval uati ng counterneasures agai hst nmodern cellular radi o conmuni cation
systems and transition counterneasure techniques into the EA-6B jamr ng system

- (U) Pronpote the use of the real-tine software bridge in next generation, dynam c information fusion systens
as part of a visually rich C2W Si nul ator capabl e of synthesizing realistic operations found in nodern combat
m ssions for assessing Naval operational situations, planning future operations, and eval uating system
ef fecti veness.
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(U Conplete and validate heat transfer, sea clutter, and surface reflectance sub-nodels and incorporate
into the IR ship target and scene nodel for the Cruise Mssile EWsinulation to address the shortconi ngs of
previous IR ship predictive codes.

(U Inplement nodifications to the LM SPE system and test against surrogate cellular comrmuni cation test sets
to devel op a system capabl e of fingerprinting nodern cellular radi o comunication systens from airborne

pl at f or ns.

4. (U) FY 1999 PLAN: Work continues on shipboard sensor and weapons response involved in operations in littora
regi ons. Prograns concerning conbat identification, precision strike and information dom nance will continue. The devel opnent
of m cro/UAV designs for small RCS platforns and the | RCM devel opnent and SQJ work continue to be of inportance.

(U) (%4,200) THREAT WARNI NG - The objective is to devel op small and inexpensive RF receivers and denodul ati on
techni ques to recogni ze and characterize conpl ex nodern-nodul ati on waveforms and to exploit both active and
passive EQ IR technol ogies to provide early warning of hostile action, either surveillance or attack, to U S
mlitary platforns and to assist in identifying the threat and counter it.

(U Denonstrate the ability of the miniaturized SEI systemto performw thin the confines of a platformsuch
as a small UAV, providing specific target homing and discrinmnation capabilitiesfor tactical aircraft,
UAVs, and portable systens and nmaking it attractive for application in weapons systens such as HARM

(U Conplete systemdesign and fully denonstrate prototype unit which extracts SElI information from nodern
tactical mlitary radars possessing nore stable, near flat, RF sources focusing on the tactical application
of SEI to the commander in the field, onboard ship, or in the air

(U Develop a counterfire system based on microbol ometer canmera technology which is carried by the

i ndi vidual infantryman to detect and mark in space the location of small arms fire in real tinme and at
ranges greater than or equal to the |ethal range of the eneny weapon.

(U Evaluate digital signal processing using wavelets, optical processing, and electrical nmicro-circuit
realization of the wavelet filter bank, selecting the nost prom sing approach for denonstrating an inproved
signal processing capability for detecting FMCWsignals with a SIN of 0 dB to address the Al EWS program
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requi rement of detecting and identifying certain FMCWsignals to provide early warning and cueing of ship
sel f-def ense weapons systens.

e (U (%11,700) SELF PROTECTION - The objective is to provide a fundamental technol ogy base, from conponents to
systens, to support the prototype devel opnent of future onboard and of fboard EWsystens, to enhance Nava
success in Littoral Warfare, Joint Strike, Sealift/Protection, Strategic Deterrence, and SEWIntelligence. The
entire radar RF frequency band fromHF to MW is covered under this project. It also includes the protection of
U.S. Naval platfornms against | R EO gui ded weapons by the devel opnent of new IR materials for decoys and new
depl oynent concepts and the devel opnent of technol ogies for |aser based jamers.

- (U Conduct prelimnary designs of onboard | aser gui ded weapons detection/protection systens and field test
prot ot ype devel opnmental systens for the integrated onboard/ offboard CM solution to | aser-guided threats that
wi Il challenge Navy and Marine surface vessels operating in littoral areas.

- (U Determne nost efficient jam codes agai nst steering array sensors and transition sel ected robust
seductive waveforms to enhance capability of the Al EWS system agai nst advanced | R guided anti-ship threats.

- (U Conplete captive seeker testing of thrusted KSMD to eval uate special material IR payloads for tactical
aircraft self-protection against those threats that enploy notion as well as spectral discrimnants and
transition to Electronic Warfare Advanced Technol ogy (EWAT) or a Product | nprovenent Program (PIP) for air
| R decoys.

- (U Inprove antenna isolation nmodel to represent antennas nounted on RAM coated curved surfaces for any
decoy platformand finalize isolation inprovenent techniques and docunent anal ysis nethods to achi eve higher
decoy ERP through inmproved antenna isol ation.

- (U Performfield and at-sea tests of the Small Ship Jammer devel oped for physically snall surface patro
crafts that have no active onboard EA self-protection capability (e.g., special forces PC1 and MK V SQC)
and are currently involved in fleet littoral warfare operations.
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* (U (%8,807) M SSI ON SUPPORT - The objective is focused on inproving the ability to assess EW performance
rangi ng fromindividual system platformthrough operations in Joint Mssion and Support Areas such as training
and the research infrastructure. A major goal of this research area is to explore devel opnent of Battle
Managenent deci sion aids which fit within the established Navy C2 system depl oyed throughout the fleet. The
focus is also on advanced surveillance techni ques and janm ng and decepti on of conmand and control systens and
data |links and the devel opnent of capabilities for strike, surveillance, ECM and ot her nmnission-support aircraft
to inprove situation awareness, to provi de dependabl e conbat ID and to determine the intent of eneny forces by
passi ve nmeans while disrupting their capability to obtain and dissem nate tactical information.

- (U Denonstrate a partial payload of a Mcro Air Vehicle capable of carrying avionics and a radar janm ng
payl oad, but |ight enough to be carried by an individual infantryman, for discreet Navy mi ssions.

- (U Conplete devel opnent of a visually rich C2W Si nul at or capabl e of synthesizing realistic operations found
in nodern conbat m ssions for assessing Naval operational situations, planning future operations, and
eval uating system effectiveness.

- (U Conplete and validate the IR ship target and scene nodel for the Cruise Mssile EWsinulation to address
t he shortcom ngs of previous IR ship predictive codes.

- (U Plan and conduct tri-service field denmonstration of the nodified LM SPE system capabl e of fingerprinting
nodern cel lular radi o comuni cation systens from airborne platforns.

B. (U) PROGRAM CHANGE SUMVARY:

FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 17,778 22,454 24,089 25,251
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(U Adjustnments from FY 1997 PRESBUDG - 645 -919 -1, 279 -544
(U FY 1998/ 1999 PRESBUD Submi ssi on 17, 133 21, 535 22,810 24,707

(U CHANGE SUMVARY EXPLANATI ON:

(U Funding: The FY 1996 reduction reflects: Jordanian rescission (-21); and execution adjustnent (-624).
FY 1997 adjustnent reflects Congressional undistributed reductions (-919). FY 1998 adjustnment reflects Naval
Capital Fund (NWCF) adjustnment (-1,218); and Inflation reduction (-61). The FY 1999 adjustnent reflects NWCF

adj ustment (-452); and Inflation reduction (-92).
(U Schedul e: Not applicable.
(U Technical: Not applicable.

C. (U OTrHER PROGRAM FUNDI NG SUMVARY:

(U RELATED RDT&E PROGRAMS:

Wor ki ng

This PE adheres to Tri-Service Reliance Agreenents on EWwi th oversight and coordi nation provided by the JDL and is

associated with efforts that are being pursued under the followi ng Arny and Air Force PEs:
(U PE 0602204F (Aerospace Avionics)

PE 0603270F (Electronic Conbat Technol ogy)

PE 0602270A (Electronic Warfare Technol ogy)

PE 0603270A (Electronic Warfare Technol ogy)

PE 0605604A (Survivability and Lethality Analysis)

ccce

This programis also closely associated with the followi ng Navy PEs:
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PE
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PE
PE
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2

0601153N
0602315N
0602234N
0602232N
0602111N
0603270N
0603792N
0604270N

(U) SCHEDULE PROFI LE:

UNCLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

PROGRAM ELEMENT:  0602270N
PROGRAM ELEMENT TI TLE: El ectronic Warfare Technol ogy

(Def ense Research Sci ences)

(M ne Counterneasures, Mning and Special Warfare Technol ogy)
(Materials, Electronics and Conputer Technol ogy)

(Space and El ectronic Warfare (SEW Technol ogy)

(Air and Surface Weapons Technol ogy)

(Advanced El ectronic Warfare Technol ogy)

(Advanced Technol ogy Transition)

(EW Devel opnent)

Not applicabl e.
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(U COsT: (Dollars in Thousands)

PROIECT
NUMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MVATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

Undersea Warfare Surveillance Technol ogy
52, 057 47, 967 51, 033 57, 875 59, 224 60, 364 61, 640 63, 087 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: Al of the Navy s applied research in undersea target detection
classification, localization, and tracking is funded through this ProgramEl ement (PE). |In countering the troubling
proliferation of quiet diesel submarines to third world countries and Russia s conti nued heavy investnment in subnarine

technol ogy, work within this PE provides an enabling capability for power projection and force sustainability. Associated
research directly supports the Departnment of Defense Joint Warfighting Science and Technol ogy Plan and the Defense Technol ogy
Area Plans. Wthin the Navy the effort supports the follow ng Navy Joint Mssion Areas (JMAs): Forward Engagenent/ Deterrence;
Joint Littoral Warfare; Intelligence, Surveillance, and Reconnai ssance; and Maritine Support. The approach protects the
country s capital investment in submarine, surface ship and air Antisubnmarine Warfare (ASW assets both by devel opi ng
comercial off-the-shelf upgrade options for today s ASWsuites and by exploring those high risk/high payoff technol ogi es that
promi se affordabl e, break-through operational capabilities in five to fifteen years.

(U Forward Engagemnent/Deterrence includes research and technol ogy issues associated with reliable undersea target detection
and tracking to enabl e on-command application of precision offensive mlitary force. Prograns include undersea sensors and
arrays to provide robust shall ow water surveillance and reconnai ssance, and to detect undersea threats to the surface
batt| ef or ce.

(U Joint Littoral Warfare includes research and technol ogy i ssues associated with dom nating the undersea battl espace to
enabl e tinmely execution of joint/conbined operations and to ensure joint force sustainability. Progranms include advanced
sensors and arrays for both inproved ASWsurveillance and enhanced battl eforce self defense, ASWdata fusion for better
tactical control, and |ow frequency active sonar and [classified material del eted] deployable surveillance systens for
[classified naterial deleted] indication and warning.

(U Intelligence, Surveillance and Reconnai ssance includes research and technol ogy issues associated with maintaining a

tinely tactical picture of the undersea battl espace to enable allied force power projection and sea control. Prograns include
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devel opnent of acoustic and non-acoustic sensors, [classified material deleted] arrays, |ow frequency sonobuoys and fusion of
nmul ti-sensor data into a reliable tactical picture.

(U Maritinme Support includes research and technol ogy i ssues associated with reliable undersea target detection and tracking,
enabling joint battleforce sustainability. Programs include the entire spectrum of technol ogy devel opnment undertaken in
support of other JMAs.

(U These efforts support the naval portion of the Joint Warfare Strategy as expressed in "Forward...Fromthe Sea". Prograns
inthis PE are primarily service (Navy) unique.

(U Applied research funded by this PE in many cases transitions to advanced devel opnent projects in undersea warfare advanced
t echnol ogy (PE 0603747N)

(U Due to the sheer volume of efforts included in this ProgramEl enent, the progranms described in the Acconplishnents and
Pl ans sections are representative selections of the work included in this program el enent.

(U The Navy Sci ence and Technol ogy programincludes projects that focus on or have attributes that enhance the affordability
of warfighting systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances with possible applications toward solution of specific Naval problenms, short of an
advanced devel opnment effort.

(U PROGRAM ACCOWPLI SHVENTS AND PLANS:

1. (U FY 1996 ACCOWPLI SHVENTS:

« (U (9$43,382) ACOUSTI C SENSOR TECHNOLOGY:
(U Initiated: (Includes Congressional adds of $.5 mllion for AA [|ithiumcarbon nonofluoride batteries and
$.5 nmllion for safe, rechargeable batteries for SEAL Deliver vehicles)
-- (U) Devel opnent of a multistatic ASWeffort aimed at devel opi ng conmon acoustic sources and signa
processing to benefit submarine, surface ship, surveillance, and air ASWpl atforns.
-- (U) Devel opnent of critical technology for |ow cost autononous depl oyabl e surveillance systens which use
comerci al cellular phone satellite network technol ogy for data transmi ssion
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(U) Devel opment of optical depth and headi ng sensors to support |low cost all-optical array designs both
for towed and depl oyabl e applicati ons.

(U) Devel opnent of signal discrimnation techniques simlar to those used in biologic echolocation for
undersea warfare active sonar system applications.

(U) Devel opnent of inproved Lead Magnesium (PMN) material, focusing on an inproved coupling coefficient
for nore efficient operation over a wi de acoustic bandwi dth.

Conduct ed:

(©) Sea trial to evaluate tactical surface ship [classified material deleted] multidinensional towed
array.

(U) Cooperative low and md-frequency shallow water active classification sea test with NATO s SACLANTCEN
to further devel op active classification algorithms and benchmark active sonar devel opnents.

(U Initial denonstration of a devel opnmental parametric sonar to investigate the feasibility of enploying
this technol ogy for helicopter-borne ASWand for nmine avoi dance applications.

Denonst r at ed:

(U Inproved active sonar detection performance utilizing a new slotted cylinder projector, high

density power electronics, and lithiumthernmal batteries for application to air-depl oyed sonobuoys.

(U Technology of a fiber-optic cabled depl oyabl e acoustic array of increased bandw dth, sensor count and
type, and reduced cost per channel.

(U A state-of-the-art active sonar acoustic classifier capable of conbining echo structure clues with

cl ues based on plausible target tracks.

(U Perfornmance inmprovenents of conventional and adaptive passive beanform ng enploying a tactical nulti-
di rensional towed array in a shall ow water exercise conducted in the Mediterranean

(U) Conpl eted

(U) Devel opnent of active and passive sonar integration concepts for processing and display of nmultistatic
operations.

(U A simulation nodel for the acoustic performance characteristics of a deployable, expendable, single-
line vertical array.

Transi ti oned:

(U Algorithms to PE 0603504N (Subnarine Tactical Passive Program which provide the capability to
adaptively process [classified material del eted] signals across receiver array beans for accurate passive
sonar detection and classification of a quiet submarine.

($6,151) NON- ACOUSTI C SENSOR TECHNOLOGY:
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Initiated:

(O A two-year concept/feasibility study to determne the viability of detecting [classified nateri al
del et ed] associated with submerged subnari nes

Devel oped:

(U Concept system design (antenna, waveforns, and processor) will be a candidate for an upgrade to P3 and
S3 naritinme patrol aircraft for a next-generation periscope detection radar. The technology will be a
candi date for the next-generation maritime patrol aircraft.

Conpl et ed:

(U) Concept definition of an accurate, rapid beamsteering |laser for application to a shipborne El ectro-
Optic (EOQ periscope detection system (Oiginally conceived by the US Arny.)

Conduct ed:

(U Field tests of linear, flexible, distributed non-acoustic array incorporating [classified materi al
del et ed] sensors (enabling technology for a shall ow water search capability rapidly deployable froma
surface ship). This technology will be a candidate for an upgrade to the Advanced Depl oyabl e Surveill ance
Syst em (ADS) .

($2,524) DATA FUSI ON TECHNOLOGY

Initiated:

(U Concept definition and system architecture design for data fusion of distributed sensor field

i nfornmati on associ ated with a depl oyabl e aut ononbus system

Denonst r at ed:

(U A real tine processor and display which fuses signals from conpl enentary active acoustic wavef orns,
for surface ship and subnarine applications. (The objective is to provide a robust detection and
classification capability for both high- and | ow speed targets).

Transi ti oned:

(U Active waveformdata fusion algorithmto Surface Ship ASW Conbat Systens O fice, Program Managers
Ofice (PMs 411) Echo Tracker O assifier.

FY 1997 PLAN:

(Y
(Y)

($39, 792) ACQUSTI C SENSCR TECHNCLOGY:
Initiate: (Includes Congressional add of $.5 mllion for continued devel opnent of AA [ithiumcarbon
nmonof | uori de batteries.)
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(U Computer sinulations to denonstrate the feasibility of exploiting unique classification clues nmade
avai l abl e by coherently processing active sonar data collected by two wi dely spaced, relatively noving
sensors. The goal is to significantly increase the search rate of a surface conbatant and its associated
Li ght Airborne Miulti Purpose (LAWMPS) helicopter while sinultaneously providing precise target position

i nformation.

(U) Devel opnent of an inproved mcro-machi ned directional hydrophone sensor utilizing better fabrication
t echni ques to reduce noi se and power consunption and inprove stability.

(U) Devel opnent of subrmarine [classified material deleted] detection algorithnms ainmed at greatly reducing
the false alarmrate, which is currently evaluated as unacceptable by the fleet. The approach enpl oys

t echni ques for sinmultaneous detection and classification, and at the sane tinme target localization in
range and depth.

(U An analysis of bi-and nulti-static ASWdata to determ ne the physical mechani sms by which the harsh
shal | ow wat er environnment degrades active acoustic system performance. This effort will lead to
environnental |y adaptive system designs.

(U) Devel opnent of a glider capable of deploying an underwater surveillance array, to be air-launched from
a Maritime Patrol Aircraft that is operating at a safe stand-off range.

Conduct :

(U In water test to evaluate inproved towed array optical sensors. This test will benefit two

devel opnents: the all optical towed array and the advanced fi ber-optic acoustic sensor for subnarine
conformal hull arrays.

(U At-sea testing and data collection to support devel opnent of common of f-board acoustic sources and
signal processing techniques for nmultistatic ASWto benefit submarine, surface ship, surveillance, and air
ASW pl at f or ns.

Denonstrat e:

(U Lower cost, lighter weight subnarine hull array sensor technology. This technology is critical in
dramatically reducing the cost of submarine hull nounted arrays.
Devel op:

(U Enhanced helicopter/surface ship acoustic interoperability for inproved detection/classification
performance. This effort couples inproved active acoustic signal processing algorithns for both surface
ships and ASWhelicopters to the sane devel opnent basel i ne.

(U Inproved acoustic transducers using energy-dense materials, innovative formfactors, and hybrid
PMN/ Ter f enol devices. This is enabling technology for |ightweight, high power, broad bandw dth, active
acoustic sources needed to inprove detection ranges when operating against small subrmarines in a shall ow
wat er envi ronnent.
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(U Innovative technol ogies for sonar receive arrays, including fiber-optic ultra-Iow power piezo-electric
and m cro-nmachi ned acoustic sensors. This is an affordability initiative applicable to all warfare
conmuni ti es.

Conpl et e:

(U Real-tine capability to autononously process [classified material deleted] signals fromacoustic
sensor arrays for automatic target association and operator alerting. This is enabling technology in the
devel opnent of an uncabl ed rapidly depl oyabl e surveillance array which is designed to be nore survivable
than current cabl ed arrays.

(U An algorithmdevel opnent that conbines the outputs of a shallow water acoustic channel scattering
nodel with inproved active sonar classification techniques to sinultaneously determ ne range and si gha

hi ghli ghts of active acoustic echoes. This effort will lead to an inproved capability to mnimze fal se
contacts while reducing fal se dism ssals.

(U An algorithmwhich adapts to the |ocal shallow water reverberation environnment to enhance the
detection performance of traditional matched filters, comonly used in active ASW processi ng systens.
Transition:

(U Algorithns for [classified material deleted] active classification and false alarmrejection to the

| nproved Extended Echo Rangi ng system PE 0603254N.

($4,964) NON ACOUSTI C SENSOR TECHNCOLOGY:

Conpl et e:

(O Final report on analysis of field tests exanmining the detectability of subnmarines by airborne sensors
searching for [classified material del eted] submarines.

(U Delivery and | aboratory testing of the rapid wi de-angle beam steering | aser project (initiated in FY
1996) for the Shipborne EO Periscope Detection system

(U Initial sea test of the next-generation periscope detection radar

Conpl et e:

(U A concept study to determine the feasibility of detecting [classified material del eted] associated
wi t h subnerged subnari nes.

(U (%$2,626) DATA FUSI ON TECHNOLOGY:
Denonstrat e:

(U dutter reduction techniques for inproved search effectiveness by fusing surface ship radar data with
acoustic data.

Page 11-6 of 11-13 Pages Exhibit R2

UN CLASSI FI ED



BUDGET ACTIVITY: 2

UN CLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT: 0602314N
PROGRAM ELEMENT TI TLE: Undersea Warfare Surveillance Technol ogy

(U Correlation, tracking and classification fusion capabilities of a field-Ievel prototype depl oyabl e
aut ononous distributed systemin a testbed environment.

(U) ($585) Portion of extramural programreserved for Small Business |nnovation Research assessment in
accordance with 15 U. S. C 638.

3. (U FY 1998 PLAN:

(Y

(Y

(Y)

(V)

(U (%$42,929) ACOUSTI C SENSOR TECHNOLOGY:
Initiate:

(U An innovative passive signal processing effort capable of integrating classification and |ocalization
processes for [classified material deleted] signals emtted by subrmarines. This effort is ainmed at
reducing false alarns to an acceptable rate. The primary transition for this effort will be to the
Advanced Processing Build Programin PE 0603504N

Devel op:

(U A signal processing algorithmto select the appropriate advanced active waveformfor inproved
detection and classification of stationary or slow y-noving subnmarines, based on in-situ environnental
information and the tactical scenario. This effort is applicable to all md-frequency tactical sonar
syst ens.

(U Miltistatic environnental ly adaptive active acoustic signal processing techniques incorporating
i mproved multi-static propagati on nodel s.
Conduct :

(U An over-the-side sea test of a high-power, |ow frequency off-board acoustic source for nultistatic
ASW

(U An at-sea experinent to evaluate the capability to exploit unique classification clues provided by
coherently processing active sonar data collected by two widely spaced, relatively noving sensors. This

technol ogy pronises up to a four-fold increase in search rate and area, while al so providing precise
target position information for rapid weapon pl acenent.

Cont i nue:

(U Devel opnent of active sonar classification techniques which exploit target-physics-based features

usi ng the neasured space-tine target response froma state-of-the-art scale nodel of a [classified
mat eri al del eted] submarine

Page 11-7 of 11-13 Pages Exhibit R2

UN CLASSI FI ED



BUDGET ACTIVITY: 2

(Y)

(Y)

- (Y
(Y)

UN CLASSI FI ED

FY 1998/ 1999 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 1997

PROGRAM ELEMENT: 0602314N
PROGRAM ELEMENT TI TLE: Undersea Warfare Surveillance Technol ogy

(U Devel oprent of innovative active acoustic transducer design concepts proposed by industry. These
efforts are ained at reducing production and life-cycle cost, increasing acoustic source |evels, and
reduci ng associ ated array weight.

(U Devel opnent of inproved acoustic receive arrays using fiber-optic, ultra-low power and m cro-nmachi ned
sensor technol ogi es.

Denonstr at e:

(U Critical sensor technologies required to autononously detect and classify submarines with a smal
passi ve acoustic array depl oyed on the ocean floor. The sensor is packaged in a 10 inch dianeter, 36 inch
long cylinder suitable for depl oyment from surface ships, submarines and Maritinme Patrol Aircraft.

(U Performance of innovative fiber-optic submarine hull array sensors in an at-sea test. This is a key
nm |l estone in devel oping an affordable, |ighter weight submarine wi de aperture or conformal hull array.
Conpl et e:

(U Denonstration of an optical, Bragg grating-based TB-16 towed array including systenfcost assessnent,
engi neeri ng sensors, and m d-frequency sensor designs.

($5,010) NON ACOUSTI C SENSOR TECHNOLOGY:

Conpl et e:

(U) Devel opnent of an Extrenely Low Frequency (ELF) sensor nodel, platformnoise reduction algorithns,
ELF/ U tra Low Frequency (ULF) geomagnetic noi se reference sensor study report and noi se reduction flights
all associated with the design of a new generation Magnetic Anonaly Detection (MAD) system

(U Concept evaluation for a shipborne EO periscope detection systemincluding an assessnent of the
initial test plan, the feasibility of conponent integration, and counter-neasure/ counter-counter-nmeasure
per f or mance.

Devel op:

(U The initial design of a coherent processor and electronically steered phased array antenna for the
next generation airborne periscope detection radar

Denonstr at e:

(U The performance of | ow power, electric and nagnetic field sensors integrated with acoustic sensors in
an initial prototype node of a Depl oyabl e Aut ononmous Distributed System

($3,094) DATA FUSI ON TECHNOLOGY
Denonstrat e:
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-- (U The inmpact of fusing active and passive sonar information and non-acoustic (radar) information to
i nprove surface ship ASWperformance, as neasured by reduced detection tinme and threshold, reduced false
alarmrate, and inproved classification, while sinultaneously reducing sonar nanni ng.

-- (U Initial capability for fusion of information (acoustic and non-acoustic sensors) fromnultiple nodes
in avirtual emulation of a Depl oyabl e Autononmous Distributed System

FY 1999 PLAN:

(U (%$49,514) ACOUSTI C SENSOR TECHNOLOGY:

(U Initiate:

-- (U Devel opnent of autononous depl oyabl e receivers suitable for use in a distributed sensor field,
interlinked by acoustic comunications, and enpl oying radi o frequency conmunications for data transfer to
shore.

(U Continue:

-- (U Devel opnent of the nbst prom sing active acoustic transducer concepts fromindustry for inproving
source | evels, increasing bandwi dth and reduci ng associ ated array wei ght and cost.

(U Denonstrate:

-- (U Afirst-generation nulti-static ASWsystem incorporating off-board acoustic sources and on-board
signal processing techniques. This is enabling technology for systenms which are conmon across subnari nes,
surface ships, surveillance, and air ASWpl atforns.

-- (U Acoustic velocity sensor perfornmance on an SSN, in conjunction with a hull coating test. Both efforts
are associated with a followon to the Wde Aperture Array, and are expected to decrease conformal array
system cost to one-third and system weight to one-fifth conpared with the present AN BQG 5.

-- (U Performance inprovenents of an active acoustic signal processor designed to nake use of target-
physi cs-based features for active sonar classification in a shallow water at-sea test.

-- (U An order of magnitude reduction in the cost of constructing towed arrays using innovative optical
sensi ng technol ogy and tel enetry technol ogy.

-- (U Asignificant decrease in false alarmrates over the current baseline established by the Low Frequency
Activel/ Surveill ance Towed Array Sonar System (SURTASS/ LFA) by utilizing environnental adaptation, echo
structure clues, adaptive beanform ng, and advanced Doppl er detection.

-- (U Acapability for utilizing tactical sensors to neasure and adapt in-situ to the harsh littoral
environnent, thereby optim zing detection ranges and classification capabilities of passive and active
sonar systens.
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-- (U An innovative passive signal processing effort capable of integrating detection, classification and
| ocal i zati on processes for transient signals emtted by subnarines.
(U Conduct:

-- (U Flight tests of a glider capable of deploying an underwater surveillance array, air-launched froma
Maritime Patrol Aircraft that is operating at a safe stand-off range.

-- (U Signal processing algorithms which provide an estimate of range and depth of quiet threats in shallow
water using tactical [classified nmaterial deleted] towed arrays. The primary transition of this work is to
PE 0603504N, Advanced Processing Build Bl ock

(U Transition

-- (U Signal processing algorithms to the Active Adjunct Processor programfor the SQQ 89 surface ship sonar
system and to the Airborne Low Frequency Sonar helicopter sonar system This effort, which wll
significantly decrease operator false alarmrates, incorporates comon signal processing algorithms to
enabl e Bi-static and interoperabl e operations between the two platforns.

-- (U Signal processing algorithns which exploit [classified naterial del eted] acoustic signals to
si mul taneously detect and classify quiet threat submarines, and al gorithnms which use these signals to
estimate target range and depth. This work will transition to the Advanced Processing Build programin PE

0603504N.
e (U (%$5,407) NON ACOUSTI C SENSOR TECHNOLOGY:

(U Conplete:

-- (U Point design for the next generation periscope detection radar. This effort is enabling technol ogy
that will lead to an extension of the periscope detection envel ope by a factor of [classified nmaterial
deleted] in altitude and [classified material deleted] in range relative to the current AN APS-137 radar
system.

-- (U ELF sensor installation and field support, ELF sensor al gorithm devel opnent in support of the next
generati on MAD system

-- (U) Devel opnent and | aboratory evaluation of a niniature, |ow cost, |ow power, magnetoneter together with
el ectronagnetic feature extraction and tracking algorithms all for use in a depl oyabl e aut ononous
di stributed system

(U  Conduct:

-- (U Ceonmmgnetic noise reduction flights essential to support the devel opment of the next generation MAD
system

-- (U At-sea experinments, data collection reduction, and analysis, and eval uation of the concept plan for a
techni cal break-through shi pborne EO periscope detection system
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(U (%$2,954) DATA FUSI ON TECHNOLOGY
(U Denonstrate the ability of the Depl oyabl e Autononpus Distributed Systemto detect, classify, and track

a threat target, using data fusion techniques to develop a fire control quality track suitable for weapon

enpl oynent .
PROGRAM CHANGE SUMVARY:
FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 55, 226 49, 580 54, 440 59, 105
(U Adjustnents from FY 1997 PRESBUDG -3, 169 -1,613 -3, 407 -1, 230
(U FY 1998/1999 PRESBUDG Submit: 52, 057 47, 967 51, 033 57, 875

(U CHANGE SUMVARY EXPLANATI ON

FY 1996 adjustnents include (-%$2,591) for SBIR assessnent, (-$64) for Jordanian F-16 financing

resci ssion and (-$514) update to reflect actual execution. FY 1997 adjustnents include (-%$2,113) for Congressiona
Undi stri buted Reductions, (+$500) due to Congressional plus-up for AAlithiumbatteries. FY 1998 adjustments

i nclude (-$%$4,381) due to NWCF and minor adjustnents, (-$2,000) due to transfer to 0603508N for PEBB, (+$3,035)for
Sci ence and Technol ogy restoral, (-$130) for Inflation and (+$69) for Mlitary and Cvilian Pay Rates. FY 1999
adj ustnents include (-%$214) for Inflation, (+$89) for Mlitary and Cvilian Pay and (-$1,105) due to NWCF and m nor

adj ust nent s.

(U Fundi ng:

(U Schedul e: Reduction in FY 1998 and FY 1999 will result in:
(U A descoping of a signal processing effort ained at a 100-fold reduction in false alarmrate for the

LFA/ SURTASS and a delay in transitioning this technology fromFY 1998 to FY 1999.

(U Elimnating a FY 1998 Shal |l ow Water Active O assification sea test which would denonstrate a prototype
classifier for surface ship active sonar. The test would also collect data in a strategically significant
littoral area that woul d have been used to continued active sonar signal processing algorithm devel opnent.

(U) Considerable resources within this program el ement have been reallocated to support technical efforts ainmed
at denonstrating a nultistatic ASWcapability using high-power, |ow frequency, off-board acoustic sources
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wi th associ ated on-board signal processing in FY 1999. As a result, a nunber of lower priority efforts
reported in previous R-2 subm ssions have been reduced in scope, del ayed, or cancel ed.

(U Technical: Not applicable.
C (U OTHER PROGRAM FUNDI NG SUMVARY: Not applicabl e.

RELATED ACTI VI TI ES:

PE 0601153N (Def ense Research Sci ences)

PE 0602315N (M ne Counternmeasures, Mning and Special Warfare Technol ogy)
PE 0602435N (Qceanographi c and At mospheric Technol ogy)

0603747N (Undersea Warfare Advanced Technol ogy)

PE 0603792N (Advanced Technol ogy Transition)

PE 0603254N( Anti - Submari ne Warfare Systens Devel opnent)

PE 0603504N (Advanced Submarine Conbat Systens Devel opnent)

PE 0604212N (Anti-Submarine Warfare and O her Helicopter Devel opnent)

cccecceee
Y]
m

D. (U SCHEDULE PROFI LE: Not applicable.
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@) CCST: (Dol lars in Thousands)

PRQIECT
NUMBER & FY 1996 FYy 1997 FYy 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE  ESTI MATE ESTI MATE ESTI MATE ESTI MATE  ESTI MATE ESTI MATE COWPLETE PROGRAM
M ne Count erneasures, M ning and Special Warfare Technol ogy
43, 553 44, 602 42,737 44, 575 45, 920 46, 920 47,919 48, 985 CONT. CONT.
A (V) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: Thi s Navy program el ement (PE) provides technol ogies for naval M ne

Count erneasures (MM, U S. naval mnes, Naval Special Warfare, and Departnent of Defense (DOD) Expl osive Ordnance Disposal (EQD). It
is strongly aligned with the Joint Chiefs of Staff Joint Warfighting Capabilities through the devel opnent of technol ogies to achieve
mlitary objectives (Power Projection fromthe Sea) with mnimal casualties and collateral damage. The PE supports the Joint Littoral
Warfare Mssion Area by focusing on technologies that will provide the Naval Force with the capability to domnate the battl espace,
project power fromthe sea, and support forces ashore with particular enphasis on rapid MM operati ons. The MCM conponent concentrat es
on the devel opnent of technol ogies for clandestine mnefield surveillance and reconnai ssance, self-protection, ninehunting,
neutralization/ breachi ng and cl earance; the M ning conponent enphasi zes of fensive nining capabilities. The Special Warfare and ECD

t echnol ogy conponents concentrate on the devel opment of technol ogi es for near-shore mne/obstacl e detection and cl earance, nobility and
survivability, as well as expl osive ordnance di sposal.

(V) Due to the sheer volume of efforts included in this PE, the prograns described in the Acconplishnents and Pl ans sections
are representative selections of the work included in this PE

(V) MM Technol ogy: Third-worl d nations have the capability to procure, stockpile and rapidly deploy all types of naval nines,
i ncl udi ng new generation mnes having sophisticated performance characteristics, throughout the littoral battlespace. “Desert Stornf

dermonstrated the U S. Navy's needs to counter the projected third-world mne threat. Advanced technol ogies are required to rapidly
detect and neutralize all nine types, fromdeep water to the beach. This task has two major thrusts: (1) M ne/obstacl e detection and
(2) mnel/obstacle neutralization. The detection thrust includes: renote sensing techniques to survey threat mining activities and

m ne/ obstacl e field | ocations; advanced acousti c/ non-acousti c sensors and processing technol ogies for rapid mnefield reconnai ssance and
determ nation of the location of individual mnes and obstacles. The majority of these sensors and techniques will be denonstrated in
FY 1997 and FY 1998 as part of the Joint Counterm ne Advanced Concepts Technol ogy Denonstration (ACID). The neutralization thrust

i ncl udes influence sweepi ng technol ogi es for influence mnefield clearance, explosive and non-expl osi ve technol ogi es for surf zone (S2)
m ne/ obstacl e field breaching, and advanced technol ogies to rapidly neutralize shallow water (SW sea m nes.

(V) M ne Technol ogy: The need for inproved mne technol ogi es has di m ni shed due to the reduced threat of the traditional
noder n subnari nes and surface ships. The elevated threats today are the third-world submari nes and surface ships which may be
encountered in the littoral waters of regional conflicts. Despite the dimnished sophisticated threat, it is inperative that the US
Navy mai ntain a broad-based and robust mning capability through advanced m ne sensors, environnental characterization, and systens
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per formance anal ysis technol ogi es. Enphasis will be placed on potentially high payoff advanced sensors for target detection and
discrimnation and on | ow cost m ne system concepts, including positive command/ control mechani sns, wth expanded weapon effectiveness
for regional warfare.

(V) Speci al Warfare Technol ogy: Naval Special Warfare (NSW nissions prinmarily support covert naval operations. The goal is
to devel op technol ogy required to increase the conbat range and effectiveness of Special Warfare units. A najor current focus is to
devel op technol ogi es to enhance the Sea-Air-Land (SEAL) nission of pre-invasion detection for clearance/avoi dance of mnes and obstacl es
in the very shallow water (VSW and SZ approaches to the anphibious | anding areas. |Inprovenments to m ssion support equi pment are needed
to increase the probability of mssion success, endurance and SEAL sw mmer survivability.

(V) ECD Technol ogy: Technol ogy devel opnent for ECOD needs addresses the DOD Joint Service and interagency responsibilities in
EQD, including that required to counter and neutralize Wapons of Mass Destruction (WD). The technol ogi es devel oped are required for
I ocating, rendering safe and di sposing of Unexpl oded Expl osive Ordnance (UXO. These operations typically occur in deep, poor-
visibility water, in areas of high background noise, and in strategic operating areas contam nated by a variety of UXO Advanced
t echnol ogi es are needed for gaining access to areas contaninated by sophisticated area-denial sensors and/or booby traps and for
contending with WWD. These technol ogi es are expected to transition to the Joint Service ECD Program the Naval ECD Program or the DOD
Techni cal Response G oup.

(V) The Navy S&T programincludes projects that focus on or have attributes that enhances the affordability of warfighting
syst ens.

(V) JUSTI FI CATI ON FOR BUDCGET ACTIM TY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications toward sol ution of specific Naval problens, short of a najor devel opnent
effort.

(U PROGRAM ACCOWMPLI SHVENTS AND PLANS:
1. (Y FY 1996 ACCOWPLI SHVENTS:

(U (%$21,037) M NE/ OBSTACLE DETECTI O\

- (U Acoustic Sensors: Conducted VSWsea tests of |ow frequency (LF) and high frequency (HF) Synthetic Aperture Sonar
(SAS) and assessed beanforning and noti on conpensation technol ogy performance. Assessed effectiveness of the TVSS, with
advanced beanform ng, for wi de-area mne detection/classification in shallow water.

- (U HBectro-Optic Sensors: Conpleted sea tests of a Laser Line Scan (LLS) prototype to identify sea mines in littoral
waters. |nvestigated spectral inaging and anal ysis techni ques for enhanced perfornance object classification and
identification.

- (U HEectro-Mgnetic Sensors: Conpleted thin-filmsuperconducting gradi oreter down-sel ecti on process and began
fabrication of a field-deployabl e prototype sensor.
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(U I mage Processing and dassification Algorithms: Denonstrated acoustic inage processing algorithns for nore automated
mne classification in conjunction with the SAS sea test. Evaluated effectiveness of using resonance signal processing
al gorithns (using acoustic backscatter returns frommnes) for long range nine classification without inmaging. Refined
ai rborne | aser based i mage processing al gorithnms for detection of anti-invasion mnefields in high clutter surf/BZ
environnents, achieving further reduction in false alarmrates. Devel oped and eval uated al gorithns which exploit multi-
source data fusion nethods to baseline the physics for subnerged mne detection using renote inmaging radar. Devel oped an
artificial neural network target classifier for emulating a narine mammal 's nine detection and cl assification
capabilities.

($13, 268) M NE/ OBSTACLE NEUTRALI ZATI ON

(U SWMne Neutralization: Investigated technology issues associated with targeting and fire control for the Rapid
Airborne Mne O earance Systemconcept. Performed analysis of integrated target acquisition, fire control, gun, and anti -
mne projectile performance. Conducted technical analysis regarding feasibility and effectiveness of creating focused

under wat er shock waves to inpl enent standoff mne destruction. Investigated hydrodynam c i ssues and approaches for
pressure influence mne sweep concepts.
(U SZ Mne Neutralization: GConducted mne vulnerability testing of tilt rod nines to establish kill criteria and

devel oped anal ytical nodels to simulate effectiveness of systens agai nst buried mines in wet sand. Conducted critical
conponent and initial full scale, high velocity testing of Thunder Road concept, providing an alternative approach to
delivery of distributed expl osives which does not require a naval surface craft operating near the SZ

(U bstacle Breaching: Conducted tests of various penetrating warheads agai nst concrete obstacl es and established
basel i ne danmage rul es. Devel oped damage rul es for shock damage of steel and wood obstacles in SW Performed initial
concept investigations of proposed technol ogies including snall autonormous craw i ng vehicles, precise bonb delivery, and
bri dgi ng technol ogi es.

($1,448) M N NG

(U Mne Sensors: Conpleted first phase of technol ogy denonstrati on of acoustic and el ectro-nmagnetic sensors for Littoral
Sea Mne (LSM application. Initiated integrated acoustic, nagnetic, electric and pressure LSM sensors data anal ysi s.

Test ed advanced gradi ent influence sensor to determne the ability to detect targets in SWhigh wave noi se environnents.
(U Mne Support Technol ogy: Developed high reliability underwater message transm ssion techni ques for Renote Control
(RECO applications. Transitioned advanced neural network classification and nine control firing algorithms using fuzed

i nfl uence sensor data to M ne Inprovements program Continued devel opment of advanced LSM cl assification and fire control
algorithns for detecting/localizing all surface targets, including fast patrol boats.

($7,800) SPEC AL WARFARE/ ECD:
(U Mssion Mbility Technol ogy: Tested and denonstrated a 1/ 3-scal e NSWhi gh speed boat shock mitigation system

devel oped first-generation 2-Dinension strip theory planing boat dynam cs nodel. Transitioned a solid state C® and
oxygen sensor technol ogy to the Program Managenent Support-ECD program Conducted | aboratory experinentati on of
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por ous/ nonporous hol | ow fi ber nenbranes for possible use for scrubbing G2 fromthe breathing | oop of closed circuit
Under wat er Breat hi ng Apparatus. Expl ored power source/fuel technologies for |ow signature diver propul sion vehicle
application. Conducted nodeling/testing/evaluation of phase change materials for use in diver thermal protection.

(U Mssion Support Technol ogy: Evaluated feasibility of a portable multispectral reconnai ssance inager for target (land
mnes, tanks, etc.) identification using an uncool ed optical paranetric anplifier laser. Conducted |aboratory testing of
prototype ultrashort range-gated W | aser/canera. Conducted a technol ogy assessnent of underwater adhesives and non-
netal lic attaching technol ogi es.

(U dearance of UXO Denonstrated capability of four different concepts for snall taskable robotic systens that will
detect and gat her UXO and al so provide a capability to place charges for mine countermnmeasures.

(U Response to WWD I ncidents: Denonstrated adaptive shielding technique to mask EQD technician fromanti-intrusion
sensors.

2. (U FY 1997 PLAN

(Y

($20, 177) M NE/ OBSTACLE DETECTI O\

(U Acoustic Sensors: Conplete sea testing of the Side-Looking Sonar (SLS). Denonstrate coordinated signal processing of
both the SAS and el ectro-optic inaging sensor integrated into a snall underwater towed vehicle. Based on analysis of at-
sea tests, optimze the LF and H- SAS design for inproved performance in shall ow water.

(U Eectro-Optic Sensors: ptimze electro-optic sensors based on anal ysis of at-sea performance. Conduct sea tests of
next generation spectral imaging systens for power-efficient mne detection and identification.

(U HE ectro-Mgnetic Sensors: Conplete fabrication of field depl oyabl e superconducti ng gradi oneter for the detection of
buri ed m nes. Conduct dock-side operability testing in small dianeter underwater vehicle prior to at-sea tests.

(U I mage Processing and A assification Algorithms: Conduct sea tests with integrated magnetic, SAS, and el ectro-optic
sensors on an underwater platformin VSWto assess effectiveness of multi-sensor data fusion techni ques. Denonstrate

ai rborne i nmage processing algorithns for detection of anti-invasion mnefields in high clutter environments. Denonstrate
capability to use nmulti-source data fusion algorithns to identify |ocations of obstacles and nines. Evaluate and
denonstrate the performance of the artificial neural network target classifier for incorporation into acoustic response
noni tor which collects a mamal 's mne detecting characteristic activities and correlates themwth the location of a

m nefi el d.

($12, 713) M NE/ OBSTACLE NEUTRALI ZATI ON

(U SWMne Neutralization: GConduct |aboratory experinments to evaluate potential effectiveness of new mne destruction
concept using focused underwat er shock waves.

(U SZ Mne Neutralization: Validate multi-phase c oupl ed code nodel for simulation of explosive shock propagati on through
wet sand and use results to update SZ mine neutralization analytical nodel. Update database of mne neutralization
criteria (pressure, inpulse, energy) for threat mnes through testing and analysis. Conplete full-scale testing of
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Thunder Road for depl oying distributed expl osive arrays. Conduct concept assessnment of precision clearance and | arge bonb
proposal s.

(U ostacle Breaching: Develop nodel of danage sustained by finite con crete obstacles when hit or penetrated by high
vel ocity penetrating ordnance. Conduct testing to validate predicted performance enhancenment of sinmultaneous and
sequential detonati on of bonmbs for obstacle clearance. Performinitial concept investigations of proposed technol ogi es
for enabling instride obstacle breaching.

($2,750) M N NG

(U Intelligent Mne Network: Develop and eval uate concepts for integrating nobile sea mnes into fields of autononous
sensor nodes communi cating via covert acoustic nodens. These fields will be designated Depl oyabl e Aut onormous Distri but ed
Systens (DADS) and will |everage technol ogy devel oped for littoral underwater surveillance. Wapon concepts for DADS will
build on prior devel opnents in the Submari ne Launched Mbile Mne (SLMM and the fixed LSM

(U Mne Sensors: Conplete anal yses of data and publish final report fromthe first phase of LSMtechnol ogy feasibility
dermonstration. Conpl ete neasurenment of target advanced gradient signatures, conplete theory and performance nodel

devel opnent, and arrive at feasibility decision for continuing advanced gradi ent technology. Initiate work on sensors and
signal processing for the DADS weapons concept.

(U Mnefield Command and Control: Assess at sea reliable conmmunications concepts between a ship and mne, providing
Identify Friend or Foe (I FF) and REQO capabilities. Assess applicability of communi cati on between mne nodes to achi eve
enhanced minefield effectiveness and flexibility in the formof Command/ Control, sensors fusion, and mnefield
adaptability.

($8, 210) SPEC AL WARFARE/ ECD:

(U Mssion Mbility Technol ogy: Conplete and transition high speed boat shock mitigation system Prototype and
transition G2 nenbrane scrubber technol ogy. Devel op drive mechani smand propeller for |ow signature diver propul sion
vehi cl e.

(U M ssion Support Technol ogy: Integrate and denonstrate prototype W imaging systemfor nine identification. Prototype
and eval uat e ensenbl e contai ni ng phase change nmaterials for passive diver thernal protection. Design and characterize
optical paranetric anplification |aser for nultispectral imaging.

(U dearance of UXO Conduct devel opment of 2 kilowatt |aser diode stack for the neutralization of surface unexpl oded
ordnance. Initiate devel opnent of 10,000 el enent hi gh frequency acoustic imaging array to provide centinmeter resol ution
images in turbid water environnent at a 20 frane per second rate. Conplete experinents with tinme donain el ectro-nagnetic
i nducti on and SQU D gradi oreter techni ques for detecting and classifying buried UXO Apply nodel based neural network
processing to the buried UXO sensor data to reduce fal se alarnms and increase detection rate.

(U Response to WWD Incidents: Denonstrate a high velocity linear shaped charge for the disabl enent of the expl osive
firing train of a WD.
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- (U ($752) Portion of extramural programapplied to Snall Business |nnovative Research assessnent in accordance with 15
U S C 638.

3. (U FY 1998 PLAN

(U (%$21, 137) M NE/ OBSTACLE DETECTI O\

- (U Acoustic Sensors: Integrate TVSS, SLS, and SAS sensor nodul es into renote underwater sensor platformfor Joint
Count er mi ne ACTD denonstration of sea mne detection, classification, and identification. Fabricate broadband sonar
transmtter for SAS application to enhance Detection/d assification Probabilities and area search rate.

- (U Hectro-Optic Sensors: Conpl ete sensor performance prediction nmodel for optical mne detection systemthat includes
the spectral characteristics of mne-like targets.

- (U HEectro-Magnetic Sensors: Continue effort in Low Tenperature Critical (Tc) superconducting gradi ometer physics to
i nvestigate notion-induced noise and radi o frequency i mrunity and to i nprove sensor performance. Further devel op H gh Tc
fabrication technology to a level of maturity conparable to the Low Tc counterpart.

- (U Image Processing and Aassification Algorithms: Develop inproved multi-sensor data fusion and conpressi on techni ques
to provide real-tinme processing and data transm ssion fromthe renote underwater sensor platformto the “nother ship” for
informati on assimlation and display. Denonstrate, as part of the Joint Counternine ACID, capabilities and inprovenents
to mne detection and classification through use of seni-automated nulti-sensor fusion and processing.

(U ($9,985) M NE/ OBSTACLE NEUTRALI ZATI ON

- (U SWMne Neutralization: Develop design options to inplenent focused underwater shock wave generator for standoff mne
neutralization. Transition devel opnent and testing of anti-mne projectile for the Rapid Airborne Mne d earance System
concept to an Advanced Technol ogy Transition Project. Conduct testing and analysis of target acquisition, fire control,
gun, and anti-mne projectile subsystem conponents, to predict integrated system performance.

- (U SZ Mne Neutralization: Establish through precise tests and neasurenents the inportance of relative flow between sand
and mne-like targets on shock transm ssion and mne kill predictions in the SZ environment. Continue expandi ng dat abase
of mne neutralization criteria (pressure, inpulse, energy) for threat mnes through testing and anal ysis.

- (U ostacle Breaching: Develop an anal ytical nodel fromparanetric studies with the finite concrete nodel which will
all ow tradeoffs of warhead size, shape, and standoff required to defeat various target shapes and configurations. |nprove
obstacl e cl earance nodel s by incorporating results of simultaneous and sequential detonation testing. Develop
t echnol ogi es required for precise standoff bonb delivery for mne and obstacl e cl earance.

(U (%$2,860) MN NG
- (U Intelligent Mne Network: Devel op DADS nobil e shall ow water m ne (DADS-weapon) concept. Devel op covert depl oynent
concept based upon SLMM Devel op concepts for “restart” of deployed nobile nine for target attack, communications with
DADS during target attack node, and term nal guidance.
- (U Mne Sensors: Devel op guidance sensors and signal processing for DADS nobil e shal | ow wat er nines.
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(U Mne Fiel d Command and Control: Devel op concept for command and control of DADS weapons. Assess incorporating prior
year devel oprments of |IFF and RECO into DADS. Devel op concept for intra-field gui dance of DADS weapon after |aunch using
node and weapon sensors.

($8, 755) SPEC AL WARFARE/ ECD:

(U Mssion Mbility Technol ogy: Conpl ete devel opnment of conponents of | ow signature diver propul sion system integrate,
test and evaluate prototype. Transition of technology for incorporating mcro Phase Change Materials into dive suits for
passive, thernmal protection. Develop NSWIife support equi prent technol ogies. otions for |ife support equi prent

t echnol ogi es i ncl ude passive in-water chem cal detectors, advanced CX® scrubbi ng technol ogy, diver internal

noni t ori ng/ bi of eedback, field oxygen supply technol ogi es.

(U M ssion Support Technol ogy: Fabricate, evaluate and denonstrate prototype of passive multispectral optical paranetric
anplification | aser imager. GConduct field tests of sensors for use in a diver-portable multi-sensor buried m nehunter;
devel op algorithnms to process and display signals. Transition clandestine ultrashort range gate | aser technol ogy for
underwat er obstacl e | ocalization/identification.

(U dearance of UXO Denonstrate a capability to determine the status of electronic safe and arned fuzes froma standof f
di stance due to unintentional or stinulated emssions fromthe firing train conponents. Denonstrate a snall, autononous,
unt et hered underwat er vehicle controls and sensors for identification of naval threats hosted on a conposite vehicle built
by Lockheed-Martin under |ndependent Research & Devel oprment fundi ng.

4. (U FY 1999 PLAN

(Y

(Y

($20, 489) M NE/ OBSTACLE DETECTI O\

(U Acoustic Sensors: Denonstrate and eval uate the conbi ned effectiveness of the TVSS, SLS, and SAS systens for
detection, classification, and identification of sea mnes, as a part of the Joint Counterm ne ACID. |ncorporate and
conduct at-sea performance trials of the newly fabricated broadband SAS transnitter.

(U Eectro-Optic Sensors: Initiate devel opnent of scene classification algorithns based on target optical properties.
Begin feasibility studies to define the characteristics of an advanced el ectro-optic identification sensor that neasures
the spectral properties of mne-like objects and the surroundi ng scene.

(U E ectro-Mgnetic Sensors: Develop H gh Tc superconducting gradi ometer for field denmonstrati on by m d-1999.

(U Image Processing and dassification Algorithms: Assess effectiveness of multi-sensor data fusion techni ques used for

Joint Countermne ACTD and initiate devel opment of inprovenents indicated by the assessnent. Initiate broadband acoustic
si gnal processing techniques for SAS application to provide inproved beanformng, increased target inmage resolution, and
extended sonar range. |Initiate adaptive processing techniques sensitive to naintaining high detection/classification

probabilities under adverse environnental conditions.

($12,300) M NE/ OBSTACLE NEUTRALI ZATI ON\:
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- (U SWMne Neutralization: Select generator design option and establish full-scale test for denonstrati on of focused
underwat er shock wave mne neutralization.

- (U SZ Mne Neutralization: Expand mne vulnerability data base to include neutralization criteria for recently devel oped
threat mines with potential for use in the SZ and beach environments. Investigate innovative concepts for energetic
neutral i zati on of SZ m nes.

- (U ostacle Breaching: Determne effects of directed energy warheads against |ig ht/medi umobstacles in water and air.

I nvestigate innovative concepts for clearance or burial of SZ obstacles.

($2,975) M N NG
(U Intelligent Mne Network: Develop hardware/software to denonstrate feasibility of DADS weapon concept.
- (U Mne Sensors: Test guidance sensors and signal processing for DADS-weapon in the |aboratory.
(U Mne Field Command and Control: Test concept for command and control of DADS weapon through simlation.
(U Shall ow Water Bottom M nes: Assess application of sensors and comrand and control concepts devel oped in prior years
to SWbottom m nes.
(U ($8,811) SPEA AL WARFARE/ ECD:
- (U Mssion Mbility Technol ogy: Transition |ow signature diver propul sion technol ogy. Devel op NSWsignature reduction
t echnol ogi es. Conti nue devel oprent of NSWIife support equi pment technol ogi es.
- (U Mssion Support Technol ogy: Integrate sensors into a diver-portable multi-sensor buried ninehunter prototype and
eval uat e/ denonstrate under realistic field conditions. Transition multispectral optical paranetric anplification |aser
i magi ng technol ogy. Devel op advanced portable real-time intelligencel/sensor/ marker technol ogies. otions for
intel ligencel/sensor technol ogy devel opnments include passive nillineter wave sensor, Infrared polarinetry, sonar
classification using echo back scatter, sensor fusion/processing, etc.
- (U dearance of UXO Investigate the use of broad band transm ssions to jamor neutralize the el ectronic conponents of
el ectronic safe and armed fuzes. Expand the inverse scattering sensing capability of time donain el ectro-nmagnetic
i nduction sensors to allow identification of individual buried UXO Denonstrate a 10,000 el ement acoustic array that
provides a 1 centineter resolution i mage of an underwater target at 20 frames per second.
- (U Response to WWD incidents: Performtesting of a catal yst/sensor array technique for the detection and | ocalization of
a WD in a marine environment.

B. (U PROGRAM CHANGE SUMMVARY:
FY 1996 FY 1997 FY 1998 FY 1999
(U FY 1997 President’s Budget: 46, 894 40, 534 42, 885 48, 988
(U Adjustrments from FY 1997 PRESBUDG -3,341 +4, 068 -148 -4,413
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C

PROGRAM ELEMENT TI TLE: M ne Count er measures, M ning and Speci al \Varfare Technol ogy

(U FY 1998/ 1999 President’s Budget Subm ssion: 43, 553 44, 602 42, 737 44, 575
(U CHANGE SUMVARY EXPLANATI O\

(U Funding: FY 1996 change resulted in a reductions for the Jordani an F-16 financing rescission (-54); from Transfer of
SBI R funds (-2,055); and actual execution (-1,232). The FY 1997 increase resulted from Congressional plus-up for Lithium
Battery Technol ogy (+6,000); and from Congressi onal Undistributed Reductions (-1,932). The FY 1998 decrease are due to
NWCF and m nor adjustments (-40); and frominflation adjustment (-108). The FY 1999 reductions resulted in NWOF and m nor
adj ustnents (-247); and transferred fromthis PE to Advanced Technol ogy Denonstrations P.E. (-4,000) to fund hi gher Navy

priorities; and frominflation adjustnment (-166).
(U Schedule: Not applicable.
(U Technical: Not Applicable.

(U OTrHER PROGRAM FUNDI NG SUMVARY: Not applicabl e.

(U) RELATED RDT&E:

This program has strong ties to the PE s listed bel ow

PE 0601153N (Defense Research Sciences)

PE 0602131M (Marine Corps Landi ng Force Technol ogy)

PE 0602233N (Readi ness, Training and Environnental Quality Tech)
PE 0602314N (Undersea Warfare Surveill ance Technol ogy)

PE 0602435N ( Cceanographi ¢ and At nospheric Technol ogy)

PE 0602633N (Undersea Warfare Wapons Technol ogy)

0603502N (Undersea Warfare and MCM Devel opnent)

PE 0603555N (Sea Control and Littoral Warfare Technol ogy Denonstration)
PE 0603654N (Joint Service ECD Devel opnent)

PE 0604654N (Joint Service ECD Devel opnent)

PE 1160401BB ( Speci al Operati on Technol ogy Devel opnent)

PE 1160402BB ( Speci al Cperati on Advanced Technol ogy Devel oprent)
PE 0603782N (M ne and Expeditionary Warfare Advanced Technol ogy)

SN G G G e e S G e e N e e
T
m

(U This program adheres to Tri-Service Reliance Agreenents on ECD with coordination provided by the Joint Drec tors of

Labor at ori es.
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D. (U SCHEDULE PRCFILE: Not applicabl e.
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(U COST (Dollars in thousands)

PRQIECT
NUMBER & FY 1996 FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 TO TOTAL
TI TLE ACTUAL ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE  ESTI MATE COWLETE PROGRAM

N A Cceanogr aphi ¢ and At nospheri c Technol ogy
57, 260 73,416 48, 211 58, 037 60, 946 52,734 53, 560 54, 737 CONT. CONT

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El enent (PE) provides the fundanental programmatic
instrument by which basic environnental research is transfornmed into technol ogy devel opnents that provide new or enhanced
narfare capabilities. This PE also provides environmental technol ogies that formthe general environmental technical base on
which all systens devel opnent and advanced technol ogy depend. This PE contains the National Oceanographic Partnership
Program (Title 11, subtitle E, of Public Law 104-201) enacted into |law for FY 1997.

(U Due to the sheer volune of efforts included in this PE, the prograns described in the Acconplishnments and Pl ans
sections are representative selections of the work included in this PE

(U This PE provides for ocean and at nospheric technol ogy devel opnents that contribute to meting top joint warfare
capabilities established by the Joint Chiefs of Staff. Major efforts of this PE are devoted to (1) gaining real-tine
knowl edge of the battlefield environment, (2) environnmental needs of regional warfare, (3) providing the on-scene conmander
the capability to exploit the environment to tactical advantage, and (4) atnospheric research related to detection of sea-
skinmming missiles and strike warfare.

(U This PE provides environnmental support for fleet operations and for current or energing systems. This PE supports
virtually all the Joint M ssion Areas/Support Areas with primary enphasis on Joint Littoral Warfare and Joint Strike Warfare.
Specifically:
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(U Joint Littoral Warfare efforts address issues in undersea, surface, and air battlespace. Prograns include ocean and
at nrospheric prediction for real-time description of the operational environment, shallow water (SW acoustics and nmultiple-
i nfl uence sensors for undersea surveillance and weapon systens, and environnmental influences on mne counterneasure (MCM
syst ens.

(U Joint Strike Warfare efforts address issues in air battl espace dom nance. Prograns include environmental influences
on el ectromagnetic (EM/electro-optic (EOQ systens used in the targeting and detection of mssile weapon systens as well as
i nprovenents in tactical environnmental informtion nanagenent.

(U These efforts support the Joint Warfare Strategy "Forward...Fromthe Sea." This program adheres to Tri-Service
Rel i ance Agreenents on Environnmental Sciences with oversight provided by the Joint Directors of Laboratories. Wrk in this
PEis related to and fully coordinated with efforts in accordance with the ongoing Reliance joint planning process. There is
cl ose coordination with the US Air Force under the Reliance programin the Environmental Sciences categories of Lower
At nrospheric Sci ences and Ccean Sci ences.

(U The Navy programincludes projects that focus on or have attributes that enhance the affordability of warfighting
syst ens.

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvesti gates technol ogi cal advances with possible applications toward solution of specific Naval problens, short of a nmjor
devel oprment effort.

(U) PROGRAM ACCOWPLI SHMVENTS AND PLANS

1. (U FY 1996 ACCOWVPLI SHVENTS:

. (V) ($13, 929) ENVI RONMENTAL | SSUES | N UNDERSEA SURVEI LLANCE AND WWEAPONS
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(U Vvalidated a md-frequency (1-10 kHz) state-of-the-art, bistatic active acoustic performance nodé for
continental shelf and sl ope regions as a contribution to undersea acoustic surveill ance.

(U Transitioned a md-frequency reverberation-suppression technique (Principal Conponents |nverse Method)
to the Space and Naval Warfare Systens Command; this enables mathenatical characterization of the acoustic
conponents of the reverberation in near real-tine.

(U Used neasurenents to assess ocean bottominfluences on transient and broadband detection capabilities
in SWregions; this directly supports efforts in detecting transients enmtted by quiet targets.

(U Perfornmed nunerical testing and field testing of stochastic acoustic fornalisns ai ned at enabling
conpl ex SWenvironments to be treated without a conplete determ nistic description

(U Conducted field neasurements to provide a basis for linking acoustic variability with ocean
variability.

(U) Devel oped full-spectrum source nodels for surf, shrinp, fish and earthquake contributions and devel oped
full-spectrum noise clutter statistics to advance the detection capabilities of full-spectrum processing.
(U Incorporated ocean focusing techni qgues using nmeasured environmental data into signal processing
algorithms to elinmnate directional noise and other sources of interference to provide a robust tracking
capability in the littoral environment.

(U) Devel oped a detector/classifier which exploits the nonlinear character of broadband signals by

si mul t aneousl y using nonlinear and chaotic nmethods to inprove detection performance and increase detection/
classification ranges, especially for the "quiet" submarine in littoral regions.

(U Conducted a joint oceanographic-acoustic field experinent to determ ne the significance of the
variability of coastal oceans for undersea acoustic surveillance.

(U Revised the SWenvironnental false target nodel to include bottomfeatures to advance torpedo gui dance
& control (&&C) in SW validated a bistatic bottom scattering strength nodel

e (U (%26,083) ENVI RONVENTAL | NFLUENCES ON MCM SYSTEMS, | NCLUDI NG LI TTORAL OCEANOGRAPHY

(U Transitioned bottom sedi nent scattering and penetration nodels and associ ated data bases to the MCM
community to inprove the capability to predict environnental effects on MCM acoustic systens.
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(U Denonstrated the use of renptely-sensed optical properties in predicting the performance of MCM optica
systens; conducted optical characterization of a second coastal ocean site for support of optical MM

syst ens.

(U Conpl eted docunentati on of MM Tactical Environnmental Data System (MIEDS) and its transition to the MCM
community; this systemw || enable the on-scene commander to have critical environnental data available for
tactical inprovenents.

(U Continued devel opnment of hydrodynam cal nodels that describe the mgration, scour, and burial of mnes
in the surf zone (S2).

(U) Devel oped a rapid, three-dinmensional seisnpacoustic scattering nodel in support of statistical
algorithms to characterize littoral sedinments for prediction of both geoacoustic and shock wave interaction
with sedinments.

(U Perforned prelimnary tests and nodification of bubble and acoustic scattering neasurement systens in
SWto enable determi nation of the effect of bubbles on acoustic and optical MCM systens.

(U Analyzed experinental data on high-frequency acoustic spatial/tenporal coherence to deternine the major
envi ronmental influences on high-resolution MCM sonar systens, such as real and synthetic aperture sonar
Ssyst ens.

(U Used the tactical oceanography sinulation |aboratory to provide environnmental fields for anphibious

war fare and speci al operations warfare sinulations at Cherry Point, North Carolina.

(U) Devel oped expendabl e, |ow cost tide sensor technology and initiate devel opnent of sensor fusion
procedures for littoral warfare applications.

(U Continued devel opnent of selected environnental sensor technol ogies that contribute to a renote semi -
aut ononous underwat er oceanographi ¢ neasurenent capability.

(U Initiated devel opnment of a Portabl e Hyperspectral |nagi ng Low Li ght Spectronmeter (PH LLS) for use in
the coastal zone to enable renpte sensing of environnmental characteristics and features of the coastal
ocean.

e (U)($12,428) OCEAN AND ATMOSPHERI C PREDI CTI ON:
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(U Evaluated data assimilation techniques for the North Atlantic basin for inclusion in a |arge-scale
ocean forecast systemto be inplenmented by the year 2000

(U Delivered an ocean forecast systemfor operational testing and subsequent use aboard Navy shi .

(U Denonstrated three-di mensional visualization nethods applicable to real-tinme situations in shipboard
environnments as a neans of inproving the utility of ocean forecasts.

(U Denonstrated an ocean forecast nodel for the Yellow Sea - an area of operational interest.

(U Delivered a gl obal ocean high-resolution eddy-resolving nodel for testing and operational eval uation;
this represents a key step toward the goal of achieving a gl obal ocean prediction system

(U Devel oped new initiaization nmethods for all atnospheric prediction nodels to enhance continuous
assimlation of unconventional data.

(U Converted atnospheric prediction nodels to massively parallel processing nmachines to take advantage of
their potential for greatly increased conputational speed.

(U Continued atnospheric nodeling of aerosols and inproved non-hydrostatic nodel paraneterization

(U Further developed artificial intelligence and neural network techniques to extract atnospheric
parameters of tactical inportance fromrenotely-sensed data.

(U Initiated effort to determine utility of tactical radar systens for real-tine, |ocalized weather
description as a neans of contributing to ship self-defense and stri ke warfare.

(U Conducted devel opnment and integration of the Polar Ozone and Aerosol Masurenent (POAM sensor, which
is scheduled for launch aboard a French satellite in the fall of 1997; POAM data wi |l have significance for
communi cations, theater defense, and surveill ance.

($4,820) ATMOSPHERI C | NFLUENCES ON EM EO SYSTEMS:

(U Transitioned the full vertical extent version of the radi o physical optics nodel that incorporates
terrain effects; this nodel will enable better performance assessnents in conplex ocean-|land coasta

regi ons.

(U) Conpl eted denonstration of the determ nation of atnospheric noisture profiles using d obal Positioning
Satellite signals of opportunity; this is an inportant advance in the ability to easily determ ne
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at mospheri c noi sture, which influences the performance of al
pr opagati on.
(U Delivered algorithmto estimte height of surface trapping | ayer above the ocean surface fromrenotely-

sensed data; this provides a breakthrough in the ability to estimate a critical environmental
characteristic that affects the detection of sea-skinmmng mssiles.

(U Conduct a mmjor coastal field experiment off the US west coast (Electro Optical Propagation and Aeroso
Characterization Experinent - EOPACE) to characterize EO transm ssion and coastal aerosol distributions.

weapon and sensor systens using EM
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3. (U FY 1997 PLAN

* (U (%16,919) ENVI RONMENTAL | SSUES | N UNDERSEA SURVEI LLANCE AND WEAPONS (| NCLUDES CONGRESSI ONAL PLUS- UP OCEAN
CLI MATE RESEARCH) :

- (U Transition a bottomscattering strength algorithm good dowmn to | ow grazing angles, that will enable
bottom scattering to be accurately incorporated in Navy nodels that support undersea surveill ance
syst ens.

- (V) Develop and validate an environnmental |l y-based nethod for clutter control in SWto advance the
capabilities of underwater active acoustic detection techniques.

- (V) Evaluate determ nistic acoustic predictions of the influence of ocean fronts and horizontal refraction
on slopes to determine the significance of such features for underwater surveillance systens.

- (U Conduct a field test of predictions based on stochastic propagation formalisns to determ ne whether the
stochastic approach can adequately represent acoustic conditions in harsh SWenvironnents.

- (VU Performan assessnent of the inpact of noise on full-spectrum processors (frequencies up to 5 kHz),
whi ch of fer a neans of exploiting nontraditional signals emtted by submarines.

- (V) Denonstrate in a littoral environnent narrowband and broadband internode processing for a nulti-node
surveillance array that accounts for differential target Doppler; this capability will allow greater node
separation and a |l ower cost for a given area coverage

- (U Derive sem -enpirical relationships linking acoustic variability with ocean variability.

- (U Extend the SWscattering function nodel used in torpedo G&C to nuddy bottons; update the tine,
frequency and spatial coherence nodels using trial data

- (U Uilize underwater acoustic techniques to deternmine the ocean climte in a |large ocean basin.
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* (U (%24,391) ENVI RONMENTAL | NFLUENCES ON MCM SYSTEMS, | NCLUDI NG LI TTORAL OCEANOGRAPHY (| NCLUDES CONGRESSI ONAL
PLUS- UP SENSI NG SYSTEMS AND UNMANNED UNDERWATER VEHI CLES (UUVs)):

(U Begin devel opnent of a semi-enpirical forrmulation to predict lateral variability of high-frequency
acoustic scattering in coastal areas and prepare to conduct further towed-body neasurenents to assess the
spatial variability of high-frequency acoustic properties relevant to MCM operations in coastal areas.

(U Use renpte-sensing techniques to extend optical characterizations for MCM systens to high interest
areas outside the continental US; evaluate surface effects on optical MCM system perfornmance.

(U Conduct experinment to denonstrate the environnmental |y enhanced performance of magnetic MCM systens.
(U Make an identification of the fluid flow paraneters critical to the surf/swash zone ni ne/sedi nent
interaction and develop an initial enpirical nodel for the interaction.

(U Conplete the prelimnary devel opnent of a three-phase constitutive nodel for sands to advance the
envi ronment al base on whi ch expl osive techni ques of mne clearance will depend.

(U Analyze data fromthe previous nmeasurenments to determne the influence of bubbles on acoustical and
opti cal MCM systens.

(U Transition tactical decision support functions to produce worldw de surf statistics, real-tine surf
dat a and anphi bi ous vehicle operability data.

(U) Provide an upgraded coherence nodel to the MCM devel opnent community for insertion into the synthetic
aperture sonar system performance prediction nodel.

(U Continue use of sinulations to determ ne environnental sensitivities of systens and sensors that
support m ne warfare and anphi bi ous warfare.

(U I nplenent noored, |ow cost mni-Acoustic Doppler Current Profiler technology to enable an affordabl e
means of nonitoring current structures in littoral regions.

(U) Conpl ete devel opnent of the PHI LLS sensor and initiate characterization of the sensor capabilities in
t he coastal ocean.

(U Conplete a littoral warfare environnental sinulation capability including high-resolution circulation,
wave, tidal and acoustic nodels in the tactical oceanographic sinmulation |aboratory and support coastal
simul ations for joint undersea warfare.

(U Continue devel opnent of environnmental sensor technologies that contribute to renpte seni-autononous
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and aut ononobus ocean neasurenent; develop plans for further mappi ng of ocean structure.

. (LD (%13, 154) OCEAN AND ATMOSPHERI C PREDI CTI ON: (| NCLUDES CONGRESSI ONAL PLUS- UP PCAM
(U Deliver ocean forecast nodels for the South China Sea and the Sea of Okhotsk, both areas of specia
operational interest, for operational testing and eval uation.

- (V) Denonstrate a coastal tide predi cti on nodel capable of assimlating water | evel data and ocean current
neasurenents; tide prediction is an essential environnental capability for successful littora
oper ati ons.

- (V) Denonstrate the "nesting" of high-resolution coastal ocean nodels into regi onal ocean nodels; nesting
of ocean prediction nodels is the central paradigmbeing followed in the creation of an ocean prediction
schene that will provide the necessary coverage and detail for mlitary operations.

- (U) Continue devel opnent of conpletely coupled air-ocean npdeling schenes; such schenmes are needed to
account for the effect of the atnobsphere on ocean characteristics and of ocean conditions on the
at nosphere, particularly in coastal regions where conplex interactions are possible.

- (V) Denonstrate new ensenbl e forecasting nethods for atnospheric prediction as a neans of yielding not only
a forecast but a likely range of possibilities.

- (V) Provide standards for incorporation of atnospheric paranmeters in Navy simulators.

- (V) Devel op synthetic atnospheric environnents for use in Navy training, systens testing, and tactica
si mul ati ons.

- (U Continue effort ained at utilization of tactical radar systens for real-tine, |ocalized weather
description and as providing input to on-scene nesoscal e prediction nodels.

- (U Continue efforts ained at integration of the POAM sensor for |aunch almard a french satellite.

e (U (%4,900) ATMOSPHERI C | NFLUENCES ON EM EO SYSTEMS (| NCLUDES EARMARK CONGRESSI ONAL PLUS- UP PM 10):

- (U Extend the Navy aerosol nodel into the ocean surface |ayer (below 10m which plays a critical role in
the detection of sea-skinming missiles; continue further devel opnent of aerosol distribution capabilities
including efforts ained at particulate matter less than 10 microns in dianeter (PM 10).

- (U Develop a nodel of cloud edge effects to reduce false alarmrates in ifdra-red detection systens.
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- (U Deliver an airborne hybrid radi o propagati on nodel to inprove EM propagati on prediction for airborne
pl at f or ns.
- (U Continue the EOPACE field experinent at an east coast |ocation, include an aerosol data system

* (U (%13,000) NATI ONAL OCEANOGRAPHI C PARTNERSHI P PROGRAM ( NOPP) ( CONGRESSI ONAL PLUS- UP):

- (U Establish a NOPP to pronpte the goals of assuring national security, advancing econom ¢ devel opnent,
protecting quality of life, and strengthening science educati on and communi cation through inproved
know edge of the ocean.

- (U Solicit proposals through a Broad Area Announcenent for partnership progranms involving federal
agenci es, acadenia, industry, and other nmenbers of the oceanographic scientific community.

- (U Establish efforts in virtual ocean data and renpte sensing centers/facilities that will capitalize on
existing centers by devel opi ng broad conmunity access/exchange of Navy, National Cceanic and Atnospheric
Admi ni stration (NOAA), and other data bases together with data display and assimlation techniques.

- (U Establish a National Littoral Laboratory to augnent or |everage existing field efforts and prograns,
keyi ng on anal ysis and nodel i ng, but enphasi zi ng nodel devel opment together with data synthesis and
assimlation.

- (U Establish broad-based partnership efforts in areas such as: effects of algal blooms; nechani snms of
cross-shelf transport; transport, fate, and effects of arctic ocean and coastal atnospheric contam nants;
effects of sound and narine mammal s.

e (U (%1,052) Portion of extranural programreserved for Small Business |nnovative Research assessment in
accordance with 15 U S.C. 638.

4. (U FY 1998 PLAN:

* (U (%10,679) ENVI RONMENTAL | SSUES | N UNDERSEA SURVEI LLANCE AND WEAPONS:
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(U Continue to advance the capabilities of active acoustic techniques